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PREFACE. 



In order to facilitate the calculation attending the construc- 
tion of Wrought Iron and Steel Riveted Girders, the author 
has endeavored in this work to supply the link which separates 
Theory from Practice. Its object may be briefly stated. A 
riveted girder is to be designed ; the span, depth, and loads are 
known, the strains are calciikited b^ the well-known bending- 
moment formulje, and largely by the graphic method; lastly, 
the details of construction are fully illustrated. 

Touching the question of accuracy, it is scarcely necessary 
to notice the slight difference that may arise between the two 
methods, i.e., working out the usual formulae, or by measuring 
from the graphic diagrams. The time consumed in wading 
through a complicated series of equations to reach a few meas- 
urements is objectionable when at least such measurements 
can at once be had by the graphic method. 

This work does not investigate exceptional or extremely 
scientific riveted girders, but more especially those of a type 
now extensively adopted and constructed by well-known archi- 
tectural iron workers. 

The diagrams and the various examples explaining the 
Author's method are submitted to architects and architectural 
students with the hope that they will become a medium of use- 
fulness to them in the routine of office work. 

William H. Birkmire. 

New York, 1893. 
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THE STRAINS IN COMPOUND RIVETED GIRDERS. 

For buildings, as well as railway and highway bridges, there 
is probably no other form of girders more extensively used 
than those made up of plates and angles, called Compound 
Riveted Girders. 

Some of the principal reasons for this lies mainly in the 
simplicity of their construction ; they can be adopted for any 
load or number of loads, and accommodated to any span 
usually met with in the construction. 

The single web or plate girder is more economical, more 
accessible for painting and inspection. Formed of a single web 
and four angles, as Fig. i, suitable for light loads and short 
spans ; for heavier loads a single plate is added to the top 
and bottom flanges, as shown in Fig. 2 ; for still heavier loads 
additional plates, as in Fig. 3. 



iiin 




Where thick walls are to be supported and lateral stiffness 
s required, the double web or box girder, Fig. 4, or the tripls 
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2 COMPOUND RIVBTED GIRDERS. 

web, Fig. 5, is employed. It also becomes necessary in many 
cases to place two plate or two box girders side by side. , , . - 
The box girders as represented injsection, Fig. 4, is consid- 
ered superior to the plate girders represented in Figs, r, 2, and 

3 ; but the preference should be given the latter on account 
of its simplicity of construction, and although inferior in 
strength to the box girder it has nevertheless other valuable 
properties to recommend it. 

On'comparing the strengths of these separate girders, weight 
for weight, it will be found that the box girder is as r to .93, 
or nearly as lOO to 90. The difference in strength does not 
arise from want of proportion in the top and bottom section 
of either girder, but from the position of the material ; which 
in that of the box girder offers greatly superior powers of re- 
sistance to lateral flexure. The box girder, it will be observed, 
contains larger exterior sectional area, and is consequently 
stiffer and better calculated to resist lateral stress, in which 
direction the plate girder generally yields before its other re- 
sisting powers of tension and compression can be brought fully 
into action. Taking this girder, however, in a position similar 
to that in which it is used in supporting floor-beams and floor- 
arches of buildings, its strength is very nearly equal to that of 
the box shape, and, as previously mentioned, is of more simple 
construction, less expensive, and more durable, from the cir- 
cumstance that .the web-plate is thicker than the web-plates 
of the box girder, and it admits of easy access to ail its parts 
for purposes of painting, etc. 

Bending Moments. — Generally, the strength of a com- 
pound riveted girder is founded on the equality that must 
always exist between the resultant of the various loads tending 
to cause its rupture and the strength of the material of which 
the girder is composed. The former may be resolved horizon- 
tally into strains, depending for their value upon what are 
known as moments of rupture, bending moments, or leverage, of 
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THE STRAINS IN COMPOUND RIVETED GIRDERS. % 

greater or less complexity, tending to cause the failure of the 
girder by tearing asunder its fibres in the bottom flange, crush< 
ing them together in the top flange, and vertically upon the 
web into what are known as shearing forces, due to the trans- 
mission of the vertical pressure of the loads to the points of 
support. 

The strain produced in the flanges is resisted by a leverage 
equal to the depth of the girder, that is, between the centre of 
gravity of the flanges, and the amount per square inch of sec- 
tion with which the metal may be safely trusted. 



a 



The bending moment is a compound quantity resulting 
from the multiplication of a force by a distance, and desig- 
nated by the letter M. The forces are expressed in tons or 
pounds, and the distances in feet or inches ; then the bending 
moments are in ton-feet or pound-inches. 



_©_ 



If * or a is the arm of leverage, Fig. 6, and a load RotR 
acts for a distance from IV, M ^t W is equal to the load R 
or R' multiplied by the distance b or a. 

Then M=Rb ox R'a. 
The direction of the stresses upon the girder are vertical, 
those at the ends being downwards, while that at the middle is 
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4 COMPOUND RIVETED GISDEgS. 

upwards. In Fig. 7 we have a girder supported at both ends^ 
and a load W resting upon the middle of its let^h. Compar> 
' ing this with Fig. 6, we see that the stresses here are also verti- 
cal,* but in reversed order, the one at the middle being- 
downwards, while those at the end are upwards. In other re- 
spects we have the same conditions as in Fig. 6. 

M does not represent strain, being independent of depth, 
but is converted into flange strain by dividing by the 
depth ; the strain then found, divided by the maximum unit 
strain, determines the number of square inches to be given to 
the flanges. 

The maximum unit strain herein adopted is 6 tons (12,000 
pounds) per square inch for wrought-iron and 7 tons (14,000 
pounds) for steel. 

Here A = Area of flange <i — depth in feet, s =: unit strain 
in tons, and M = bending moment. Then 

^=¥- 

ds 

Flanges. —Compound girders are unlike rolled beams, in 
which every fibre is connected ; but have strains transmitted 
only through rivets which are distributed only at certain dis- 
tances apart ; consequently the flange angles are at every point 
more or Jess subjected to strains in addition to their own. 
This additional strain will evidently increase with the amount 
of plates. If i9 good practice, therefore, to make the girder so 
deep that the flanges do not require a number of plates to be 
packed one upon another, and then to choose angles as heavy 
as possibfe consistent with the total flange area required. 

" ' ' We have to ducingnisb between ibe outer forces wbkh may act at variotu 
portions of the girder teoding to cause motioa of its parts, and the inner forces 
which prevent this motion. Ttie first we may call stresses, and the second 
strains. We therefore speak of tlic ' stresses ' w/Mt a girder and the 'strains' 
I'm a girder." 
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In order^to give the single-web girders the greatest amount 
of resistance, it is usual to use angles with unequal legs with. 
the longer leg horizontal. 

It sometimes becomes important to have the plates of the 
top flange extend from end to end, even when angles may be 
found which alone are sufBcient to make up the required sec- 
tion, as it gives great lateral stiffness to the flange, and also 
helps to distribute the stress more uniformly than with. the 
angles alone. '^ 

In box girders the flange plate adjoining the angles are 
required to extend from end to end. 

In making up the bottom flange, rivet-holes must be de- 
ducted to obtain the net section, and in so doing the diameter 
of the rivet-hole should be taken at least J inch larger; this 
latter provides to a certain extent for the damage done to the 
strength of the metal in the process of punching or drilling. 

For the top flange the gross sectional area may be taken 
as making up the same, providing the riveting is well done, 
i.e., the rivet completely filling up its own hole. 

Shearing Forces on the Webs.— It is by the law of the 
lever that we are enabled to determine precisely what portion 
of a given load resting upon a girder is sustained by either 
point of support ; the loads balancing each other at cither end ' 




of a girder, or lever, on any point are to each other invSreef 
as their distances (called lever arms) from the point or ful- 
crum. 

For example: suppose we have a girder held up as in 
Fig. 8, with a load at either end, the point of support being to 
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6 COMPOUND RIVETED GIRDERS. 

one side of the centre, say one-fourth of the lever arm from one 
end. In order that the lever be balanced, the load at W must 
be one-fourth the sum of W'and W, and that at W three- 
fourths that sum, for W multiplied by JZ. must always equal 
^multiplied by \L, and the sustaining force P must of course 
equal the sum of Wand W. 

Again : supposing that there is one load as in Fig. 9. This 



®_ 



V"^ 



condition is the same as before, only reversed ; and, according 
to the law of the lever, we find that for equilibrium a force must 
be applied to R equal to J W. This example is precisely the 
same as that of a girder, only R and K are now called reactions 
of the supports, the sum of which must always be equal to the 
load or number of loads causing them. 

In order, then, to know just how much of the load or num- 
ber of loads at any point of the girder is supported by either 
support, all that is necessary to be done is to multiply the 
shorter or longer distance by the load and divide the product 
~ by the span L, 



® 



^li^SiJ 



Example : Suppose we have a girder R and R', Fig. 10, of 25 
feet span, and there is a load of 20 tons 5 feet from R'. Then 
each sustains a certain amount of this load proportionately to 
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its distance from the load, the sum of the reactions being equal 
to the load, 

R supports — — - — = 4 tons ; 

,, 20 X 20 
R' " = 16 tons. 

25 

The most practical way of proportioning the web is then 
to make its section sufficient to resist this entire shearing force 
at cither end of the girder. Under the supposition that the 
flanges alone o-esist the entire bending moment, and the web 
only the shearing action, the following formula can be 
adopted : 

Let 5 = shearing stress ; 

A = area at point of stress ; 
K = effective resistance to shearing ; 
/ = thickness of web ; 
(/= depth of web in inches. 

c 
A=td and 5 = ktd, or t = j-p. 

The safe shear on the webs per square inch herein adopted 
is 6000 lbs. for wrought-iron and 70CX3 lbs. for steel 

Example, — Suppose we take the above wrought-iron plate 
girder. Fig. 10, and have 16 tons (32,000 lbs.) shear on the 
web at R' support, the web being 12 inches in depth. 

/= -- = — ^ — = .44 — more than -X of an inch in 

dk 12x6000 ^' 

thickness. 

Buckling of Web. — The web is still in danger of buckling 

under this compression stress; consequently the web with its 

thickness as already proportioned for shearing must now be 

examined for its strength as a column, The depth being the 

vertical distance between the upper and lower rows of rivets in 
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the web (but to facilitate the calculation the height will be 
taken the full depth of web). This condition is attained when 
the shear per square inch of cross-section at any point 
does not exceed 

The safe resistance to buckling per square inch = ■ -3 — , 

"•" 3000?' 
when d and / are the depth and thickness of web in inches. 

Stiffeners. — If the result obtained by the above formula is 
less than that adopted by our safe shear, vertical angles or 
stiffeners are riveted each side of the web at intervals. They 
should always be used at the bearings and where concentrated 
loads occur. 

The spacing of stiffeners is more a matter of experimental 
judgment than of mere calculation. Of several rules given by 
engineers, one is, "that stiffeners in girders over three feet in 
depth shall be placed at distances apart (centre to centre) 
generally not exceeding the depth of the full web-plate, with 
the maximum limit of 5 feet." 

In girders under 3 feet in depth stiffeners may be placed 
3 feet apart, and in some special cases where there is little or 
no shearing, at greater distances. This refers, of course, to 
those partsof the girders where there are no concentrated loads. 
Another rule worthy of notice says " that when the least 
thickness of web is less than -^ the depth of the girder, the 
web shall be stiffened at intervals not over twice the depth." 

RiTeting:. — Tlie rivets in girder work are generally the 
same size as those adopted for boiler work, i.e., }", J"", and i" 
in diameter; but as girders do not require caulking like a boiler, 
the pitch or distance of rivets from centre to centre is much 
greater, and usually varies from z\ diameters to 16 times the 
thickness of the outside plate joined. By diameters is under- 
stood the diameter of the shank. When the edges of the plate 
are often roughly shorn, the margin, or distance between the 
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rivet-hole and edge of the plate, is seldom less than \\ times the 
diameter of the rivet. As the effect of punching is to weaken 
the plate some distance all round the punched hole, the 
above proportions should be adopted. 

Nearly all experimenters on the subject agree that punch- 
ing generally reduces the tenacity of iron and steel plates to a 
greater degree than the area of the metal punched out, and a 
close examination of the border of each hole shows that it has 
been subject to a certain degree of rupture, which in most cases 
has reduced the ductility of the metal and made it wholly 
crystalline in fracture, and as some may suppose caused cracks 
round the edge of the hole ; but this latter seems doubtful, as 
Mr. Gerhard (see Experiments in Stoney's Riveted Joints) 
instituted an investigation as to whether there was any founda- 
tion for the very generally received opinion that the edges of 
a punched hole on the die side are injured by a ring of minute 
incipient cracks. For this purpose a large number of specimens 
5 inches by 3 inches by i inch of all kinds of steel were pre- 
pared. The edges were planed, the surfaces polished, holes 
were pierced in various ways, and the metal surrounding them 
was carefully examined with a microscope, but no trace what, 
ever of cracks was found, though the nature of the steel 
ranged from 0.1 to 0.6 per cent of carbon. Owing to its hard- 
ness and inabihty to stretch, this annulus of strained material 
round the punched holes, when the specimen is under tension, 
takes a higher proportion of the stress than the other more 
yielding parts, and hence it reaches the breaking point sooner, 
that is, the punched plate breaks in detail: first the annulus 
gives way, and then the more ductile portion between the 
holes. Reaming or boring out a zone of metal \ inch wide 
round the punched hole removes the annulus of strained ma- 
terial and neutralizes the effect of punching. In numerous 
experiments on the subject the loss of tenacity in iron plates 
from punching varies from 5 to 23 per cent of the original 
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strength of the solid plate, but the percentage in any particular 
case will doubtless depend (ist) on the diameter of the holes ; 
(2d) on the pitch ; (3d) on the width of the strip punched, for 
wide plates are apparently less injured than narrow strips; 
(4th) on the condition of the punching tool — i.e., the sharpness 
of its cutting edges — and the maintenance of the proportion of 
size between the punch and the die ; (Sth) on the quality and 
thickness of the metal, hard iron generally suffering more than 
ductile iron, and thin plates less than thick ones. Probably 
the most accurate method for making an allowance for the in- 
jurious effect of punching is to allow a certain percentage when 
calculating the effective net area of a punched plate, and, as 
heretofore mentioned under Flanges, page S, Jof an inch more 
than the diameter of the rivet is adopted. 

Friction of Plates. — Rivets contract in cooling and draw 
the plates together with such force that the friction produced 
between their surfaces is generally sufficient to prevent them 
from sliding over each other so long as the stress lies within 
limits which are not exceeded in ordinary practice. 

The friction of plates is an important factor in boiler work ; 
and as it is usual, to test them hydrauHcally, to double their 
working pressure, the joints are so designed that this water 
test, as well as the expansion and contraction due to changes 
in temperature, will not cause the joints to slip. Though the 
friction of riveted plates may be sufficient to convey the normal 
working load without subjecting the rivets to a shearing stress, 
it does not follow, nor do experiments indicate, that the ultimate 
strength of a riveted joint is increased by this friction. 

When several plates are riveted together with numerous 
rivets, as in the piled flanges of a girder, the slipping of plates 
does not seem to have occurred in Mr. Baker's experiments, for 
with two wrought-iron girders with 5 and 8 plates, respectively, 
in their flanges, each 20 feet span and 2 feet in depth, which he 
tested to failure, there was no movement in the flanges, and 
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the pile of plates behaved almost like a welded mass of iron, 
and Mr. Baker states " that he invariably found that badly 
punched girders, with the holes partly blind and the rivets 
tight but not filling the holes, deflected neither more nor less 
than the most accurately drilled work," 

Whatever value may justly be attached to the above, an 
inspection of the riveted joint when being tested to destruction 
dispels all idea of the ultimate stress being in any degree 
affected by it ; for when the stress is considerable, the joints 
open at each end of the plates, and the higher the stress the 
greater the amount of opening is observed. Under such condi- 
tions it is not customary to take into consideration the friction 
of the joints. 

Proportioning: Rivets. — Rivets, as used for girders, must 
be proportioned to resist shearing, and the area of their bearing 
must be such that the metal against wliich they bear shall not 
be crushed. The stresses, allowed on these members are : shear- 
i'^gr 75^^ t° 9CXX> pounds, and crushing, 15,000 pounds per 
square inch. 

The shearing strain is measured on the area of the cross- 
section of the rivet ; the crushing, on the area obtained by the 
product of the diameter of the rivet by the thickness of the 
web or plate upon which it bears. 

To illustrate the shearing and bearing area of a rivet, we 
take for example two plates of wrought-iron 8 inches wide by 
J inch thick, which overlap each other for a joint, with 45,000 
pounds strain on the plates ; what number of rivets will be re- 
quired to resist the strain on the joint ? 

The area of a rivet f of an inch in diameter is 0.441 7 square 
inches; this multiplied by 7500 pounds, the safe shearing, = 
3312.75 pounds, the safe amount of strain each rivet can sus- 
tain without shearing; dividing 45,000 by this, we get 13.6, say 
14 rivets, as shown in single shear. Fig. 1 1. If constructed as 
shown in Fig. iz, as in the flange of a plate girder, the rivets 
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would be in double shear and have twice the value ; then ^ rivets 
would be sufficient. 



In box girders, as Fig. \za, the rivets connecting the angles 
with the webs are in single shear. 

The bearing area of each rivet isi inch by i inch = f square 
inch; this multiplied by 15,000 pounds for crushing would 
equal 5625 pounds. Dividing 45,000 by this we obtain 8 rivets. 
This latter calculation should not be overlooked in riveted 
work. Its observance in most cases of riveted girders with 
single webs gives the size and number of rivets to be used, and 
• in thin webs the bearing area may be small, necessitating a 
thicker web than would otherwise be required. 

Rivets Connecting Web with Flanges. — The strain 
which the rivets connecting the web and flanges sustain is 
evidently due to the strain which is transmitted from one to the 
other; this strain is horizontal, and is the maximum increment 
of flange strain at every section of the girder, and is found by 
' "rfiilaHig the maximum shear at any point by the height of the 
giid%.^ 

For'example : suppose a girder of 24 feet span (Fig. 13), 3 
feet in depth, sustains a load of 150,000 pounds uniformly dis- 
tributed over its whole length. Tak- 
■ •.^-:^^'^Ui' '"" '^'jc'^'b "|a ""'R"| half the load over half the girder, at 
^^ the support R' the shearinir strain is^ 
75,000 pounds or half thew,.oIe load ; 
^°- '3- at d or 3 feet it is equal to f of half 

the load or 56,250 pounds ; at d or 6 feet it is equal to i of half 
the load or 37,500 pounds ; at c or 9 feet it is equal to J of half 
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the load or 18,750 pounds ; at 12 feet or the centre it is zero : 
from which we can now obtain the flange strain by dividing by 
the height, and again by 12 inches to get the pounds per inch 
of run. 

Then at end = — — — ~ = 2083 lbs. per inch of run ; 

56250 , , „ „ „ « 

at^ = ^=.562 

at* = iZI21=,o4, " « 

3 X 12 ^ 



'8;5o 
'3 X 12- 



520 



The result thus obtained is then for the shear on the rivets. 
If the girder has a single web, as in a plate girder, we will take 
its bearing value, using a \ web and a f-diameter rivet. 

The value of each rivet would be 15,000 X J X I = 4920 
pounds. Then at the end where we have the stress of 2083 
pounds per inch run, we must therefore space rivets ; 

4920 , . , 

at support = — 5- = 2f inches centre to centre; 

4920 , , ,. ,. 
="' = T?6J=3» 

"* = f? = 4l •• •• " " 

- = 1^ = ^ 

But as we have exceeded our limit at c, we will require the 
spacing from c to middle of girder to be 6 inches centres. 
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In Order tliat rivets in the two legs of the angle should 
stagger each other, both legs must have the same spacing; and 
in order that the rivets may He in straight lines vertical and 
horizontal, the top and bottom rows should be spaced alike. 
In fact, the spacing in top and bottom flanges for practical 
considerations are similar. 

Generally the vertical in addition to the horizontal strain 
is taken into consideration for spacing the rivets, and their 
resultant is therefore the strain on the rivets. The vertical 
strain is that due directly to the load resting upon the flange 
of the girder, and thence through the rivets transmitted to the 
web. . 

In the above example, Fig. 13, the flange strain at the end 

= = 2083 lbs, per inch of run. 

The vertical load on the girder per inch of run is the total 
load, divided by the length of span for the load on one foot, 
and the quotient by 12 inches for the per inch of run of load, 



24 X 12 
Then from the above at end of girder the resultant 



= V'2083' -j- 520' = 2147 lbs. per inch of run. 

The spacing of rivets at end of girder = l-ff^ = 2^ inches. 
At a, 3 feet from end, flange strain = 1 562 lbs. per inch of 
run. 

The vertical stress as given is 520 lbs. per inch of run. 



TAe resultant = ♦^1563' + 520' = 1647 lbs. per inch of run. 

Then fJJ^ — 3 inches, the spacing of rivet at 3 feet from 
end of girder. Continue in like manner to the centre. 
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Spacing Rivets according to Strain Produced by the 
Bending Moments. — The rivets are also spaced, in the angles 
which connect the flanges with the web, according to the strain 
produced in the flanges by the bending M, and the number 
readily found with but little calculation. The horizontal strain 
in the flanges diminishes in intensity either way from the posi- 
tion of maximum M towards either support, where it is the 
least, and may be found (as mentioned before under Bending 
Moments) by dividing by the depth. 

The horizontal increments of strain in the web are greater, 
however, at the ends, and least under position of maximum M. 
If the maximum strain in the flange is divided by the value of 
each rivet, there results the minimum number of rivets either 
way from maximum M to either support. 

For example : in a girder of 24 feet span and 3 feet in 
depth, f web and J rivets, if the maximum M equals 225 ton- 
feet at centre of girder, and the flange stress is at that point 
i|i =; 75 tons, or 150,000 lbs., the number of rivets 

150,000 . , . , , 

= = 30 required either way from centre 

a distance of 144 inches, or spaced ^^ ^ 4^ inches. Owing, 
however, to the greater intensity of the horizontal increment 
of strain in the web towards these supports, the rivets should be 
spaced closer as the ends are approached. 

Then for the first 3 feet, say 3 inches centres; the next, 4 
inches; the next, 5 inches; and the remaining 3 feet, 6 inches. 
Then there results a total of 34 rivets. 

For any further explanation or spacing of rivets refer to the 
various examples which follow. 

For convenience in selection of rivets, the following table 
has been prepared : 
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SHEARING AND BEARING RESISTANCE OF RIVETS. 



Diameter ot 


iTb'e" 


Single 


plaiMkt is,eiDDlb*. periqiure incb. 


& 


Deci- 


' 


ft 


* 


ft \ 


* 


' 


» 


1 


< 
1 


0.6.i 


D.6013 
0.7854 


2300 
3310 

4510 
5890 


3380 
3750 


!g30 
35'0 
410D 
4690 


35W 
4210 
4920 
5620 


4920 5630,6330 
S740 6562 7380 
6562 7500 8440 


3200 

9380 


9020 
10310 


9S40 
II250 



Proportioning Girders. — The first operation, that of ob- 
taining the kind of girder, is not always left entirely to the dis- 
cretion of the designer; no rules can be laid down, for the 
reason that various loads on fixed spans and depths are given, 
so that, in the nature of the construction, very little limit is 
allowed ; for instance, if the girders are in the floor construc- 
tion, the height of girder is reduced to a minimum, to give the 
greatest height of ceiling. 

The depth at centre of straight independent girders as given 
by Humber may be made from -^ to ^j of the span. The 
greatest economy of material is perhaps obtained at -^. 

If the depth of girder is about -j^ the span, the deflection 
will not be too great. 

For many cases it would be well to find the most economical 
depth by a few trials, and bearing in mind that the increase of 
depth decreases the flange area, while it increases the weight 
of web and stiffeners and vice versa. 

It has been previously mentioned that the depth of the 
girder is between the centre of gravity of the flanges, where we 
have one or more plates. We can without much error assume 
the distance between the centre of gravity of the flanges to be 
equal to the distance from top to bottom of flange-angles as the 
effective depth of the girder. As the flange section increases the 
effective depth increases, but we can assume them to be con- 
stant throughout. 
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The span should include the length between the centre of 
bearings or supports, but for all practical purposes the effective 
span herein taken is between the supports. 

The following general rules should be adopted in propor- 
tioning girders. 

1. Plate girders should be proportioned upon the supposi- 
tion that the bending or chord strains are resisted entirely by 
the upper and lower flanges, and that the shearing or web 
strains are resisted entirely by the web plate. 

2. In members subject to tensile strains, full allowance shall 
be made for reduction of section by rivet-holes, etc 

3. The web plates shall not have a shearing strain greater 
than 6000 to 8000 pounds for wrought iron and 7000 to 9000 
pounds for steel per square inch, and no web plate shall be 
less than \ inch in thickness. 

4. No wrought-iron or steel shall be used less than \ inch 
thick, except in places where both sides are always accessible 
for cleaning and painting. 

DETAILS OF CONSTRUCTION. 

1. All the connections and details of the several parts shall 
be of such strength that, upon testing, rupture shall occur in 
the body of the members rather than in any of their details or 
connections. 

2. The webs of plate girders, when they cannot be had in 
one length, must be spliced at all joints by a plate on each side 
of the web. T-iron must not be used for splices. 

3. When the least thickness of the web is less than j^ of 
the depth, the web shall be stiffened at intervals not over twice 
the depth of the girder. 

4. The pitch of rivets shall not exceed 6 inches, nor sixteen 
times the thinnest outside plate, nor be less than three diameters 
of the rivet in a straight line. 
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S- The rivets used will be generally \ and f inch diameter. 

6. The distance between the edge of any piece and the cen- 
tre of a rivet-hole must never be less than ij inches. 

7. In punching plates or other iron, the diameter of the die 
shall in no case exceed the diameter of the punch more than 
i"ff -of an inch. 

8. All rivet-holes must be so accurately punched that, when 
the several parts forming one member are assembled together, 
3 rivet y'h inch less in diameter than the hole can be entered, 
hot, into any hole without reaming or straining the iron by 
" drifts." 

9. The rivets when driven must completely fill the holes. 

10. The rivet-heads must be hemispherical, and a uniform 
size for the same sized rivets throughout the work. They 
must be full and neatly made, and be concentric to the rivet- 
hole. 

11. Whenever possible, all rivets must be machine-driven, 

12. The several pieces forming one built member must fit 
closely together, and, when riveted, shall be free from twists, 
bends, or open joints. 

13. All joints in riveted work, whether in tension or com- 
pression members, must be fully spliced, as no reliance will be 
placed upon abutting joints. The ends, however, must be 
dressed straight and true, so that there shall be no open joints. 

14. All bed-plates under bearings of girders must be of such 
dimensions that the greatest pressure on the masonry shall not 
exceed 250 pounds per square inch. 

EXTRACT FROM THE NEW YORK BUILDING LAW 
PASSED APRIL 9, 1892. 

§ 486. " Rolled iron or steel beam girders, or riveledxtow or 
steel plate girders used as lintels or as girders, carrying a wall 
or floor or both, shall be so proportioned that the loads which 
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may come upon them shall not produce strains in tension or 
compression upon the flanges of more than i2,ocx> pounds for 
iron nor more than 15,000 pounds for steel per square inch of 
the gross section of each of such flanges, nor a shearing strain 
upon the web plate of more than 6000 pounds per square inch 
of section of such web-plate if of iron, nor more than 7000 
pounds if of steel ; but no web plate shall be less than one 
quarter of an inch in thickness. Rivets in plate girders shall 
not be less than f of an inch in diameter, and shall not be spaced 
more than 6 inches apart in any case. They shall be so spaced 
that their shearing strains shall not exceed 9000 pounds per 
square inch of section, nor their bearing exceed 15,000 pounds 
per square inch, on their diameter, multiplied by the thickness 
of the plates through which they pass. The riveted plate girders 
shall be proportioned upon the supposition that the bending or 
chord strains are resisted entirely by the upper and lower 
flanges, and that the shearing strains are resisted entirely by the 
'web plate. No part of the web shall be estimated as flange 
area, nor more than one half of that portion of the angle-iron 
which lies against the web. 

The distance between the centre of gravity of the flange 
areas will be considered as the effective depth of the girder. 

Before any girder, as before mentioned, to be used in any 
building shall be so used, the architect or the manufacturer or 
a contractor for it shall, if required so to do by the superin- 
tendent of buildings, submit for his examination and approval 
a diagram showing the loads to be carried by said girder, and 
the strains produced by such load, and also showing the dimen- 
sions of the materials of which said girder is to be constructed 
to' provide for the said strains; and the manufacturer or 
contractor shall cause to be marked upon said girder, in a con- 
spicuous place, the weight said girder will sustain, and no 
greater weight than that marked on such girder shall be placed 
thereon." 
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To Calculate the Approximate Weight of Girder before 
its Dimensions are Fixed. — It should be remarked here that 
the weight of the girder becomes considerable when the flanges 
are built up of a number of plates. It is therefore desirable to 
be able to calculate approximately the weight of the girder 
before its dimensions have been definitely fixed. The weight 
of the girder will be in proportion to its area of cross-section 
and to its length ; or when W is the gross load to be carried, 
and L the length between the supports, then the weight of 
girder between the bearings is 

WL 
«. = -^, 

in which C is a constant, and W the load to be supported. 
The value of C has been taken from examples of girders from 
35 to so feet long; its value is found to be 700. 

Example ; We have a span of 40 feet and 70 tons to be sup- 
ported ; what will be the approximate weight of girder? 



WL 70X40 
' C " 700 



= 4 tons, 



making a total of 74 tons, uniformly distributed. 

Splicing, — Girders 40 feet and less will not require any 
splicing, as the plates and angles can be readily handled in one 
length. 

In splicing the top flange, no additional cover plate will be 
required over the joint, but the ends should be planed true 
and butt solidly. The rivets to be closer near the joint. 

The plate covering the joint of bottom flange requires to 
be the same area as the plates joined, and of sufficient length 
to take a number of rivets equal to strength of the cover plate. 
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PART II. 

QUALITY OF MATERIAL. 

Wrought-irott. — All wrought-iron must be tough, fibrous, 
and uniform in character. It shall have a limit of elasticity of 
not less than 26,ooo pounds per square inch. The tensile 
strength, limit of elasticity, and ductility shall be determined 
from a standard test-piece about \ square inch. The elonga- 
tion shall be measured on an original length of 8 inches. 

When taken from plates rolled to a section of not more 
than 1^ square inches, the iron shall show a minimum ultimate 
strength of 50,000 pounds per square inch, and a minimum 
elongation of 18 per cent in 8 inches. The same sized speci- 
men, taken from plates 8 inches to 24 inches in width, shall 
show a minimum ultimate strength of 48,000 pounds per square 
inch, and a minimum elongation of 15 per cent in 8 inches; 
plates from 24 inches to 36 inches wide, 46,000 pounds per 
square inch, and elongate 10 per cent in 8 inches; plates over 
36 inches wide, 8 per cent in 8 inches. 

The same sized specimen taken from angle-iron shall have a 
minimum ultimate strength of 48,000 pounds per square inch, 
and a minimum elongation of 15 per cent in 8 inches. Rivet- 
iron shall have the same physical requirements as high-test 
iron, and in addition shall bend cold 180 d^rees to a curve 
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whose diameter is equal to the thickness of the rod tested, 
without signs of fracture on the convex side. 

All iron for tension members must bend cold through 90 
degrees to a curve whose diameter is not over twice the thick- 
ness of the piece, without cracking ; at least one example in 
three must bend through 180 degrees to this curve without 
cracking. When nicked on one side and bent by a blow from 
a sledge, the fracture must be nearly fibrous- 
Mild Steel. — Specimens from finished material for test, cut 
to size, as for wrought-iron, shall have an ultimate strength of 
from 54,000 to 62,000 pounds per square inch, with a minimum 
elongation of 26 per cent in 8 inches; to bend cold 180 de- 
grees flat on itself, without sign of fracture on the outside of 
bent portion. 

All rivets of mild steel must, under the above bending test, 
stand closing solidly together without sign of fracture. 

Painting^. — All iron and steel work, before leaving the 
shop, shall be thoroughly cleansed from all loose scale and rust, 
and be given one good coating of best oxide of iron and pure 
linseed oil, and after erection to receive one additional coat of 
paint 
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PART III. 

EXAMPLE I. 

GIRDER SUPPORTING A CONCENTRATED LOAD AT CENTRE OP 
SPAN. 

In a girder supported at both ends with a load concen- 
trated at centre of span, the maximum bending moment is at 
the centre, and equals half the load multiplied by haU the span, 
or 

M = . 

4 

To find the bending moment at any point in the girder 
when the load is at the centre. 




Make FD, by any scale, Fig. 14, equal M at centre of span . 
join RD and DR'. Then by the same scale, rp will equal the 
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bending moment at point r, and ut will equal the moment at 
I>oint u. Or the moment at any point r or « will equal half 
the load multiplied by R'r or Ru ; R' being the nearest sup- 
port. Then 



At«, M=-~Ru. 

2 

Example: What metal area would be required in the flanges 
at the centre of a girder of 30 feet span, 2 feet in depth, to sus- 
tain 40 tons concentrated at the centre of span ; 6 tons (12,000 
pounds) being the maximum unit strain per square inch allowed 
in the flanges? 

Here W ~ Af> tons, Z == 30 (eet, rf — 2 feet. 

A = area of flanges, ; = 6 tons. 

Then at centre, 

4 

A = - ■ , = 25 square inches. 

Let r = 10 feet from ^ support, and u = $ feet from the 
same support. 

40 
At r,M=— X 10 = 200 ton-feet, 



A = g = 16.66 square inches. 
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lOO 
"2 Xfi 



Then we require in the flanges for the above girder: 

At centre, 25.0 square inches. 
5 ft. from " 16.66 " " 

10 ft. " " 8.33 " " 

Construction of Flanges. — In the results of the example 
just given, it will be observed that the area of metal required 
in the flanges increases gradually from the points of support 
towards the centre of the girder. This will be accomplished by 
building up the plates of metal overlapping each other for the 
computed amount. 

To make up the 25 square inches in the top flange at the 
centre, we extend the angles from end to end, and making the 
girder 12 inches wide, using ordinary size plates (none less than 
■f of an inch thick) and angles with the longer leg horizontal, 
we would require : 

Top flange = 2 angles* 5" X 4" X 4" = 8.50 square inches. 
I plate 12" Xi" = 6.00 " 

I " 12" X i" = 6.00 " " 

I " 12" X f" = 4-50 " " 

Total, 25.09 " " 

For the bottom flange, the rivet-holes must be deducted to 
obtain the net section. By referring to the section of the con- 
structed girder. Fig. 19, it will be noticed that the greatest loss 

* For areas of angles in inches see Table, page 33. 
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of section is two rivet-holes opposite each other, connecting 
the angles with the plates of the bottom flange. 

Using ^5-inch-diameter rivets, and allowing \ of an inch 
more for any injury to the metal in the process of punching, 
we have the area of a rivet-hole equal to \" + i" + i" + S" 
X l" = li square inches, for two rivet-holes 2 X l4" = 3J 
square inches, to be added to the bottom flange, or 25"+ 3$" 
= 28J square inches. Then 

Bottom flange = 2 angles 5" X 4" X i" = 8.50 square inches. 
1 plate 12" xS" = 7-50 " 

! " 12" xi" = 7-50 " " 

I " l2"X-iV" = 5-2S " 

Total, 28.7s " " 

Flanges reduced in Area towards the Supports. — To 

reduce the area of the flanges as the ends ar? approached, draw 
the diagram Fig. 15, making R and R' equal to the span of 30 





r;^ 


"x^ — Z* 




I'r- 


-^.V-jJ 


Air~7 I"" \' 






i i i.S^xl. i i 






M i J ! 1 ■ 





feet, and set ofF FD at centre of span equal to the bending 
moment at that point, or equal to DF, Fig. 14, Connect RD 
and DR'. Draw the rectangle RCER'. 
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Then from F place any scale at any angle, as Fe, until it 
measures 25 square inches, the number required in the flanges 
at the centre. For two angles 5" X 4" X t", set off 4.25 square 
inches each at a and b; one plate 12" X i" = 6 square inches 
at c ; one plate 12" X i" = 6 square inches at d; and one plate 
'2" X f" =4-5 square inches at ^. Horizontal lines drawn from 
a, b, c, d, and c to DR' at/, g, h, and k, and by the set-square 
carried down to the base line RR', give the ends of plates in 
the flanges. 

Those flange plates which do not extend from end to end 
of girder should be run as many inches beyond the point where, 
according to the calculation we have made, the sectional area 
of that plate must form the required section, so as to catch 
sufficient number of rivets in the flange in order to transmit 
the amount of stress which the plate is required to sustain. 
Thus for the top plate 12" X f", the amount of stress which 
it is expected to receive is equal to 12" X f" X 12,000 = 
54,000 pounds. Now if we have two rows of rivets on the 
flange, and supposing that each rivet has a safe shearing strain 
of 4510 pounds per square inch, the plate must be extended 
to take in at least \^^, say 12 rivets, beyond the point at 
which it is calculated to form the flange section. By referring 
to the diagram it will be seen that the full width of the second 
plate extends to dk, and we only require the area of same to 
decrease gradually from g to k, and in like manner in the top 
plate Ixom/to g. We will therefore be able to place the ma- 
jority of these 12 rivets of the top plate between /and g. 

In all the following examples the plates are extended 12 
inches beyond the position determined by the diagram. Plates 
over J" thick should be extended as described above to a suf- 
ficient length to prevent the crowding of rivets. 

The plates in the bottom flange are practically of the same 
area as those of the top flange, the loss of area by rivet-holes 
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being made up by the thicker plates ; they will therefore be the 
same length as those in the top flange. 

Webs. — The downward pressure at the middle is equal to 
the upward pressure or reactions at the ends ; and since the load 
is central between the points of support, the reactions of these 
points are equal, and each is equal to one half the load at cen- 
tre, which gives 20 tons or 40,000 pounds shear on the web at 
each support. 

Then 7"= -=r^ — -^^ — = .28, or nearly A inch. 

The least practicable thickness allowed in the webs of ai 
girders is \ of an inch ; we will therefore require in this a %" X 
24" web plate. 

StifTenersil — To determine whether we require stifFeners, 
we should first determine whether the web, as already propor- 
tioned for shearing, is able to sustain the same compressive 
stress to resist buckling. This condition is attained when the 
shear per square inch of cross-section at any point does not 
exceed the 



When d ~ depth, and t — thickness of web in inches. 

~. 10000 

Then 24 X 24 ~ ~ 42^4 pounds. 

' "'■ 3000 X i Xi 

But as we have adopted 6000 pounds per square inch for 
safe shearing, the web will require to be stiffened^ throughout 
at a distance of 3 feet, the shearing strain on the web being 
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uniform throughout on a girder with load in centre (see graphi- 
cal representation of shearing forces, Fig. 19). 

Then to stiffen the web at these points, rivet to each side 
of the web a 4" X 4" X f" angle. We then have for the thick- 
ness I" -j- f " + 1" = I inches, and the formula becomes : 
Safe resistance to buckling 

lODOO 
~ 24 X 24 — ~ ^3 pounds per square inch. 



^ 3000 X S X J 

Stiffeners must always be tightly fitted between the flange- 
angles. In order to bring the stiffeners in contact with web 
and vertical leg of angle, they are bent as shown in Fig. 16, or 
fillers may be used as Fig. 17. 



The first method requires less material than the second, but 
requires the work of bending the angles, for which particular 
dies must be had to give the required amount of bending, and 
no doubt is more economical where there are a large number of 
stiffeners to be bent to the same form. 

The second method is therefore more preferable for cases 
when girders to be made are few in number. 

Rivets. — Now as to value of rivets through web, we should 
have for shearing, area of rivet is J" X i" X -7854 = .6or3" 
X 7500 = 4510 pounds; being in double shear, twice the value 
or 9020 pounds. 
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For bearing J" X I" X i Scm30 = 4920 pounds. As the 
bearing value is the smaller, we will use that in determining the 
number. 

The bending moment at the centre of girder is 300 ton-feet 
This divided by the depth will give the horizontal flange strain 
at centre of girder. 



This again divided by the least value of a web rivet, which we 
found to be 4920 pounds, gives the total number of rivets re- 
quired ; or 



300000 
4920 



: 60 rivets 



in a distance of 180 inches, spaced 3 inches centres. 

Graphical Representation of Bending Moments and 
Shearing Forces. — The bending moments and shearing forces 
at each point of a girder may be represented graphically by 
lines laid off to scale, as will be shown by example. 

This method will be found far more preferable, on account 
of the rapidity with which the work can be accomplished, es- 
pecially for girders with two or more concentrated loads, also 
with concentrated loads and a uniform load combined. Accord- 
ing to our example, we have a girder 30 feet span, 2 feet in 
depth, to sustain at the middle 40 tons. 

Set the load If of 40 tons to a reasonable scale off along a 
line PF. The line PP' is thus the polygon of the given force, 
and P'P, its closing line, is the resultant. {For these principles 
refer to works on Graphic Statics.) 

Since the reaction of R and R' must be equal, we take the 
pole distance O in a horizontal through the centre of the force 
line PF at H, and draw the radii OP, OF ; then describe the 
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3» 



funicular polygonal by drawing ab parallel XoPO, terminating 
in Wproduced, and be parallel to P'O. The funicular polygon 
is now closed by the line ca, and a line OS is drawn through 
pole (on OH in this case) which is parallel to ac and to the 
girder. 

Then any ordinate from ac, as x, y, or s, taken to these in- 
clined lines ab or be, multiplied by the pole distance OH, will 




give the bending moment at any point of the girder. The pole 
O may be placed at any distance or direction ; the result will 
be the same; but to facilitate calculations, take ten units of 
the scale adopted. 

The shearing forces are equal to the distances R and R' of 
the points of the polygon of forces from S. 

Accordingly, the shearing forces have been taken from the 
polygon of forces and used as ordinates of the segments of RR' 
to which they correspond. Thus the hatched figure is obtained, 
which is termed the shearing force d\a%xAra, a,v\A the vertical 
ordinates of this diagram give the shearing force at any section 
of the girder RR', and in this particular example it can be seen 
at a glance and, as previously found, that the shear on the web 
is uniform from centre to ends. 
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AREAS OF ANGLES 

WITH BVEN LEGS. 
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WITH UNKVBH LEGS. 
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SECTIONAL AREA IN INCHES OF RIVET-HOLES IN PLATES OP 
VARIOUS THICKNESSES. TAKEN i INCH IN EXCESS OF 
DIAMETER OF RIVET. 
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TABLE 


SHOWING GROSS AREA Or PLATES OF VARIOUS 
THICKNESSES. 


^■s 


WldlholPUttlnlnch™. 
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JO 


■ 
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11 
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1 


"4. so 
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Explanation. — Required the sectional area of a pUie sCi" x H" punched 
by six I'' rivets. The gross area by table = 17.86 square inches, and the atek 
of six J" rivets by the previous table = 3.60 ; that is, 17.86 - 3.60 = 14.96, ibe 
area required. 

Required the sectional area of a 6" X 4" X {" angle punched by two ('' 
rirets. The gross area by table o( "Areas of Angles" = 7.99 square inches, 
ftnd the area of two }" rivets through a j" plate by the table = 1.53. Then 
7.^ — 1,53 = 6.46, the area required. 

SAFE BUCKLIKG VALUE OF WEB PLATES PER SQUARE INCH 
(WROUGHT-IRON). 

(f = depth io inches. 



Calculated by formula - 



= thickness in inches. 



P-s 


Defxh ID InchH. 
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6333 
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i86b 
3308 
3749 
3191 
3645 
4030 
4430 
4780 
5035 
5455 


1350 

1751 
3173 
= 599 
3024 
3465 
3885 
4324 
4593 
4926 
5363 


1734 

St 

3191 

35*9 
3891 
4337 
454S 



N.B. — If the buckling value is less than the shearing {60CO pounds tot 
wrought4ron), the web will require !o be stiffened. 
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SHEARING VALUE OF WEB PLATES, 


WROUGHT-IRON, SOOO lbs. 








PER SQUARE INCH. 
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SHEARING VALUE OF WEB PLATES. WROUGHT-STEEL, ■: 
PER SQUARE INCH. 
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GIRDER SUPPORTING A CONCENTRATED LOAD NOT AT 
CENTRE OF SPAN. 

In a girder supported at both ends with a load concentrated 
not at centre of span, the maximum bending moment is at the 
load, and is equal to the load multiplied by the distance from 
load to left support, and from load to right support divided by 
the span ; or, 



M= WX 



IX* 



To find the bending moment at any point in the girder when 




the load is not at centre, make FD by any scale, Fig. 20, equal 
M at the load ; join RD and DR'. Then x, y, s, by the same 
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scale, will measure the moments at their respective points i 
the girder. 



hXy,M= Wy. 



Atz,M= tVx 



L 

RFy.R 'y 
L 

RFy. R'z 



Example : What metal area would be required in the flanges 
of a plate girder of 20 feet span, 2 feet 6 inches in depth, to 
sustain 60 tons concentrated at 5 feet from left support ? 

Here W = 60 tons; L=2o feet; rf=2 feet 6 inches; 
s = 6 tons. Then 



'2-5X6" 
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At 5, i»f = 60 X ^^ - n ton-feet. 



: — ' ■ - = 5 square inches. 



Then we require in the flanges for the above girder : 

At the load, 15.0 square inches. 

At X, 2 feet 6 inches from " 7.50 " " 

Atjj-, 5 '" " " 10.CXJ " " 

At £, 10 " " " 5.00 " " 

Construction of Flanges. — ^To make up the maximum 
section under the load we would require : 

Top flange = 2 angles 5" X 3" X i" = /.$ square inches. 
I plate 12" X i" = ;.5 " 

Total, 15.0 " " 

For the bottom flange, rivet-holes to be deducted to obtain 
the net section. The loss of metal by rivet-holes is the same 
in this as the former example. 

Using J-inch-diameter rivets, and allowing J of an inch 
more for any injury to the metal by punching, area of rivet- 
hole equals |" + 4" X i" = | square inches ; for two rivet-holes 
2" X ^" = 2,25 square inches, to be added to the bottom flange, 
or 15" -|- 2.25" = 17.25 square inches. 

Bottom flange = 2 angles 5" X 3" X i" = 7-5 square inches. 
I plate 12" X H" = 9-75 " 



Total, 17.25 
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Flanges reduced In Area towards the Supports.— To 

place the plates in their required position for the calculated 
area: Draw thediagrara, Fig. 21, making^ and /E' equal to the 




span of 20 feet as in the previous example, and set off lines FD 
at position of load equal to the maximum bending moment at 
that point, or equal to FD, Fig, 2a Connect RD and Dt^. 
Draw the rectangle RCER!. Then from F place any scale at 
any angle, as Fc, until it measures 15, the number of square 
inches required in the flanges at F or at the load. For two 
angles set off 3.75 square inches at a and b, and one plate 12 
X \^ inches, or 7,50 square inches, at C, Horizontal lines 
drawn from a, b, and c to DR. DR', and carried down to base 
line RR' give the position of the plates. The angles to extend 
from end to end as shown. 
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Both top and bottom plates to extend 12 inches each way 
from FD, in addition to that determined by the diagram. 

Webs. — The bearing area upon which a girder is supported 
reacts against the girder f n amount equal to the pressure of 
the load upon them ; or, the sum of the loads on the girder is 
equal to the sum of the reactions. Hence, if there be but one 
support as in a cantilever, this condition gives at once the re- 
action. For a uniform load and a concentrated load at centre, 
on two supports, it is evident that each reaction equals one half 
of the load. 

We have in this example a single concentrated load situated 
at 5 feet from left support, whose span is 20 feet. 



(Refer to article Shearing Forces on the Webs.) 

The thickness of the web may then be determined as in the 
previous example. 

dk 30 X 6000 ' 



The one-half-inch thickness to be adopted and used from 
end to end of girder ; otherwise we would require a variety of 
thicknesses to be made up between each end, which is altogether 
impracticable in small girders. 
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Stiffeners. — To detennine whether we require stiffeners : 



Safe resistance to btukUng 

lOOOO _ lOOCXJ 



1 + 



- = 4590 lbs. per sq. inch. 



3OCX) X i X 4 

I 
But as we have adopted 6000 pounds for safe shearing, the 
web will have to be stififened throughout, at the bearings, under 
the load; and every 3 feet, by 4" X 4" X I" angles riveted each 
side of web. We have then for the thickness |" -J- J" + 1" 
= ^ inches, and the formula becomes 



Safe resistance to buckling = — y - _ = 8389 lbs. 

^ 3000 X J# X ^ 

RiTCts.— This example being a single-web girder, the rivets 
will be in double shear; so we will take their bearing value, 
which is less than the shearing. The bearing area = ^" X i" 
X 15000 = 6562 pounds. The bending mome;it at load is 225 
ton-feet ; this divided by the depth gives the horizontal flange 
strain each way from position of load to end of girder. 

Then — = 90 tons or 180,000 pounds. 

This again divided by the value of the rivet gives the total 
number of rivets required ; or, 



in a distance of 60 inches from the load to R support spaced 
about 2^ inches centres. 
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This is closer than they should be spaced m a straight line, 
so we will have to stagger them as much . as possible. (See 
girder drawing. Fig. 23.) We will also require 27 rivets from 
the position of load to B!, a distance of t8o inches, spaced 6.6 
inches. This is more than they should be spaced in a straight 
line; as our maximum is 6 inches, we will ^pace them accord- 
ingly. Had we used the shearing stress for the rivet spacing, 
we would have a uniforni shear of 90,000 pounds from position 
of load to R, and a uniform shear of 30,000 pounds to K. 

At R, "'^' = 3000 pounds per inch of run. 

6563 
Spaced, — - = 2.19 inches centre to centre. 



At R', — ■ " - = 1000 pounds per inch of run ; 
Spaced, — — = 6.56 inches centre to centre. 



Graphical Representation of Bending Moments and 
Shearing: Forces in a Girder with One Concentrated Load 

not at Centre. — According to our example we have a girder 
of 20 feet span, sustaining a load of 60 tons g feet from left 
support. Set the load fK of 60 tons to a reasonable scale o0 
along the line PF, Fig. 22. The line PF is thus the polj^on 
of the given force, and FP, its closing line, is the resultant. 

Take any point O as pole, equal to ten units of the scale 
adopted, and draw the radii OP and OF, Then describe the 
funicular polygon abc by drawing ab parallel to OP, termi- 
nating in W produced, and be parallel to OF, terminating in 
the prolongation downwards of R'. The funicular polygon is 
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now closed by the line ca, and a line OS is drawn through 
pole parallel to ac. The bending moments are then found 
in the same manner as described under Fig. i8. Then the re- 




action of R will equal the distance by same scale from S to P, 
and the reaction at R the distance from 5 to P". 
Or as a condition of equilibrium, 

the reaction at ^ = PS, and at R' = SP. 

The shearing forces, as in the previous example, are taken 
from the hatched figure. By referring to the diagram it will 
be noticed that the greatest shear on the web is at R support 
measured from P to 5, and only a small percentage of the load 
Wis sustained by R' support. 
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Example III. 

GIRDER SUPPORTING A UNIFORMLY DISTRIBUTED LOAD. 

In a girder supported at both ends with a load distributed 
over its entire length, the maximum bending moment is at the 
centre, and is equal to one half the load multiplied by one 
quarter the span, or 



M = 



WL 



To find the bending moment at any point in the girder, 
when the load is uniformly distributed : 

Make FD by scale, Fig. 24, equal J/ at centre of span, and 
draw the parabola RDR' (see method of drawing parabolas, 




Figs. 26 and 27). Then rp measured by the same scale will 
equal the bending moment at point r, and ut will equal the 
moment at point «. 
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Or the moment at any point r = half load on rR x fR', or 
half load on rR' x rR. 



T 


X 


rX 


xrx: 

XuK. 


w 

T 


2 
X 


uS 



Example : What metal area would be required in the flanges 
at the centre of a box girder of 30 feet span, 3 feet in depth, to 
sustain 200 tons of a 16-inch wall distributed over its entire 
length. 

Here W= 200 tons, Z = 30 feet, d—i feet, 
A = area of flange, s = 6 tons. 

At centre, M = ?22^ J2 ^ 750 ton-feet, 

200 
— X 10 

At r,M= X 20 = 666.66 ton-feet, 



, 666.66 . , 

A = , = 37.04 square inches. 

200 
Atu, M= ^ X 20 = 416.66 ton-feet, 



416.66 
"3X6 



A = .'""g = 23.15 square inches. 
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Then for the above girder we require in the flanges : 

At centre, 41.66 square inches. 
5 feet from " 37-04 " " 

10 " " " 23.15 " 

Construction of Flanges. — To make up the maximum 
section at the maximum bending moment we would require : 

Top flange = 2 angles 4" X 4" X ff" = 11.68 square inches. 
3 plates each 16" x i" = 30.00 " " 

Total, 41.69 " " 

For the bottom flange the loss by rivet-holes will be the 
thickness of plates and one angle, and then using |-inch-diam- 
eter rivets and allowing \ inch more, we have J" + t" + t" 
+ H" X ^ = ^H square' inches, for two rivets 2 X 2\^" = 5.375 
square inches, to be added to the bottom flange at centre, or 
41.66" -|- 5.375" = 47 square inches. 

Bottom flange = 2 angles 4" X 4" X if" = 1 1.68 square inches. 
3 plates each 16" x i" = 36.00 " " 

Total, 47.68 " 

FlaQges Reduced in Area towards the Supports.— 
To place the plates of the flanges in their required position 
for the calculated area, draw the diagram Fig. 25. From F in 
centre of span, make FD, by the same scale as in Fig. 24, equal 
to the maximum bending moment at that point. Draw the 
rectangle RCER', From F place the scale at any angle, as at 
Ff, until it measures 41.66 or 41.68 square inches. 

For two angles set off 5.84 square inches, each, at a and b, 
and three plates 16" X 1", or 12 square inches, each, at c, d, 
and e. Horizontal lines drawn from a, b, c, d, and e to the pa- 
rabola RDR', and carried down to base line RR', will give the 
position of the plates in the flanges. 
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The angles to extend from end to end of girder, and the 
adjoining plates are required to extend in like manner for prac* 
tical reasons, which will be readily seen in all box girder& 




The plates of the bottom flange are, for the reasons ex- 
plained in the previous example, practically the same length as 
those of the top flange, and should extend 12 inches beyond the 
calculated length. 

Webs. — The reactions on the supports of a girder sustain- 
ing a uniformly distributed load are each equal to ore half the 
total load, and the shearing force on the webs at each end of 

*i. ■ J ■ . 400,000 

the girder is equal to = 200,000 pounds. 



'^^" ^ ~ 36x6000 ^ •9^' "^^""^^ ^ ^^ *" '"'^^ ! 
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but as we have two webs, each will be equal to one half of ||- 
■or ^, say i inch, for the thickness of each web. 

Stiifeners. — To determine whether we require stiffeners, 
only one web need be taken into consideration ; and if stiffeners 
are needed, an angle can be riveted on the outside. Frequently 
there is considerable shear on the webs ; angles are then riveted 
inside and outside of each web. 

Safe resistance to buckling 

~ 16 y i6 — = 3003 pounds per square 




3000 X i X 4 



The webs will have to be stiffened at the bearings. 

At 5 feet from the bearing or supports the shear on the 
webs is equal to \ the shear at the bearings, or 1 33,333 pounds. 
The safe shear against buckling of a 36-inch web \ inch thick 
is 3663 pounds per square inch, as found above. The shearing 
area of the web at 5 feet from the bearing is 36 x i = 18 square 
inches. 

Then 3663 X 18 = 65,934 pounds safe against buckling at 
that point, and the shear on one web at the same point is 

-■ — = 66,666 pounds ; a stiffener is therefore required, and 

one 2' 6" towards the bearings, but kow towards the centre, as 
the shear is theoretically nothing at the middle of a girder uni- 
formly loaded, but from thence increases by equal increments 
towards each support (refer to shearing force diagram, Fig. 28). 

Rivets, — ^The rivets connecting the webs to the flanges in 
a box girder are in single shear ; therefore the shearing value 
will be 7500 pounds per square inch, and is measured on the 
area of the cross-section of the rivet. 

The area of a f-inch-diameter rivet = f" X ^" X .7854 = 
.6013 (see Table of Shearing and Bearing Resistance of Rivets); 
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this multiplied by 7500 = 4510, the safe amount of strain each 
rivet can sustain without shearing. 

If the maximum horizontal strain in the flanges is divided 
by45io, there results the minimum number of rivets required 
either way from the centre. Then from the example : 

Maximum M = 750 ton-feet ; 

750 
Horizontal strain = = 250 tons or 500,000 pounds ; 

and divided by 45 lO = i lO rivets, to be placed a distance of 
180 inches for one side, 360 inches for both, spaced about 5 
inches centres. 

On account of the horizontal increments of strain in the 
web increasing towards the ends, the rivets should be spaced 
closer as the ends are approached, say 2| inches for the first 5 
feet, 3 inches for the next, and 4 inches for the remaining dis- 
tance. 

Method of Drawing Parabolas. — Draw a horizontal HF, 
f j~ 1 * f tjJjl^ ^*S* 26, equal to half span of girder. 
I i ' i 1 ^i^^ i ^^^ °^ /?/" perpendicular to RP", mak- 
j ■ J 5 J^ [ ing the former equal by scale to 

\ l^\ Ji I the bending moment at that point. 

\ \ jf I Through D draw CD parallel and equal 

t j/ I to RF. The ordinates from any points 

^ P I in CD to the parabola will be propor- 

^ pL tional to the square of the distances of 

?«>.•«. those points from D. Thus if the 

ordinate at a be i, then the ordinate at b, twice the distance of 
a from D, must be 4 ; and so on. 

To proceed practically, divide CD into a number of equal ■ 
parts (h) as at a, 6, c, etc. Then if RC be divided into («') parts, 
each of these parts will be the required unit, one of which is the 
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offset at a ; four at b ; nine at c ; and so on. Through the points. 
a', b', c', etc., thus determined, 
the required curve can be drawn. 

Parabola by the Construc- 
tion of a Diagram. — On the 
span RR', Fig. 27, describe an 
isosceles triangle whose height 
is double that of the bending 
moment. Divide the two sides 
AR and AR" of the triangle into 
any number of equal parts, and 
draw lines as in the figure. Fig. •7. 

These lines will be tangents to the parabola, which may then 
be drawn. 

Graphical Representation of Bending Moments and 
Shearing Forces for a Unifonnljr Distributed Load.— A 
uniform load may be considered as a system of equal and equi- 
distant loads close together. 

Thus in Fig. 28 the load area may be divided into any num- 
ber of equal parts. The area of each part we may consider as 
the load which acts at its centre of gravity, and lay it off to any 
convenient scale in the force polygon, as at i, 2, 3, 4, . . . ig, 20. 

Since the reactions at R and R' are equal, we take the pole 
t? in a horizontal through the centre of force Hne PP', and draw 
the radii Oi, O2, O3, O4, . . . O20. Then describe the funicular 
polygon ab, be, cd, de, . . . vw, by drawing ab parallel to PO^ 
be to Or, cd to O2, de to O3, . . . zw to O20. 

The funicular polygon is now closed by the line aw, and a 
line OS is drawn through pole 0{on Off in this example), which 
is parallel to aw and to the girder. Any ordinate taken to this 
parabola from the base line aw multiplied by the distance OH 
will give the bending moment at any point in the girder. 

To avoid any error in direction carried on by the lines being 
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too short, one half the number of divisions will be quite suffi- 
cient to get the moments. 

The shearing forces on the webs are shown similar to the 




previous examples, and are equal to the distances of the points 
of the polygon of forces from 5. 

Therefore the shearing forces are taken from the force poly- 
gon used as ordinates as shown in the diagram, and the hatched 
figrure is the result. 
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GIRDER SUPPORTING TWO CONCENTRATED LOADS. 

In a girder supported at both ends, the bending moment at 
any point produced by ftw loads is the sum of the moments 
produced at that point by each load separately. 

Draw the triangles Fig. 30, having vertices at /arid k, repre- 




sentii^ bending moments for loads If, and If, , as in Fig. 20, by 



Extend // to b, and gh to c, making each long vertical equal 
to the sum of each moment at the position of each load, or eb 
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equal to ef-\- ek, and gc equal \.ogh-\-gi. Any ordinate, as x 
ox y, measured from the base line ad to the polygonal figure 
abed, will give by the same scale the moments at the corre- 
sponding points in the girder. 
Or the bending moment for 



W^ at iV,= lV,X ^ 2 ■ 

Example : What metal area would be required in the flanges 
of a dox girder of 25 feet span 2 feet in depth to sustain 30 tons 
concentrated 10 feet from left support, and 70 tons 5 feet from 
right support ? 

Here W^ = 30 tons, W, = 70 tons, Z = 25 feet, 

d=2 feet, A = flange area, s=6 tons. 

At /for IV„ M = io X —■ = 180 ton-feet. 

At ^ for ff„ ^ = 70 X — T~ =280 ton-feet 

Draw the vertices ^and gA by scale equal to 180 and 280 
ton-feet, respectively, and connect each to a and d; extend ff 
(equal to ek) to d,g/t (equal to gi) to c, and connect a, b, c, d. 
Then eb and ge measured by the same scale will represent the 
bending moments produced at e and j- by W, and W^. 

Atx,M— 160 ton-feet, 

= J^Tfi = '3-33 square mches. 
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At e,M= 320 ton-feet, 

A = -^ — 2 = 26.66 square inchea. 
2X6 

Aly,M= 330 ton-feet, 

A = - -? = 27.5 square inches. 

At^, ;(/"= 340 ton-feet, 

340 
A — ^ = 28.33 square inches. 

It will be noticed that the maximum bending moment by 
the diagram is under the load W,. As a check upon the scale 
figures. 

At W, tor W„M=W,-A -j- = 70 X -^- = 280 ton-teet. 

Total at ff, or at ^= 340 " 

Construction of Flanges. — The maximum bending mo- 
ment being under the greatest load, the greatest amount of 
metal will be required in the flanges at that point. Then to 
make up the proper flange section : 

Top flange = 2 angles 6" X 4" X iV" = 8,36 square inches. 

1 plate 16" X i" = 8.00 " 

2 plates 16" X i" = 12,00 " " 

Total, 28.36 " " 
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For the bottom flange, deduct rivet-holes as in our previous 
examples. Then using {-inch-diameter rivets, and allowing \ 
inch more: for one hole use VV" + i" + f" + l" X i" = -H- 
inches, for two holes ^ X 2 = 3.38 square inches, to be added 
to the bottom flange at ^, or 28.33 + 3.38 = 31.71 square inches. 

Bottom flange = 2 angles 6" X 4" X ■^" — 8.36 square inches. 

1 plate 16" X A" = 9.00 " " 

I " 16" X i" = 8.00 " " 

I " 16" X I" = 6.00 " « 

Total, 31.36 " 

Flanges reduced in Area towards the Supports. — 

Construct the diagram Fig. 31 upon the span RK , making the 




polygon RBDSf similar to the bending-moment polygon, 
Fig. 3a At F, 5 feet from right support, make FD equal to the 
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maximum bending moment, 340 ton-feet. Draw the rectangle 
RCER'. From F place the scale at any angle, as at Fe, until it 
measures 28.36 square inches. 

For two angles set ofF 4.18 square inches each at a and b; 
one plate 16 X i = 8 square inches at c; two plates 16 x f = 
6 square inches each at d and e. Horizontal lines drawn from 
a, b, c, d, and e to the polygon RBDR' and carried down to the 
base line RR' will give the position of the plates in each flange. 
Being a box girder, the angles and adjoining plates are required 
to extend the full length, all other plates 12 inches beyond the 
calculated area, to reach at least two cross-lines of rivets. 

Webs. — To find the reaction at R', the right support, the 
centre of the moments is taken at the left support. In like 
manner to find the, reaction at R, the left support, the centre 
of the moments is taken at the right support. 

Then R' supports (36 X lO) + (70 X 20) ^ 25 = 68 tons, 

and R supports (70 X S) + (30 X 1 5) H- 25 = 32 tons. 

As a check, the sum of R and R' is seen to be 100 tons. 

The thickness of web may then be determined by the for- 
mula: 

PAR', r = :^ = '^^ = -94 or If inch, 
rfi 24 X 6000 ^ * * 

At^, r= -^40^^ ^j j^ 

21 X 60CO " 

But as we have a box girder and two webs, adopting the 
greater thickness, each will be one half of \^ or \^, say \ inch, 
for the thickness ; this thickness to extend the entire length, 
as explained under example of " One concentrated load not in 
centre," 
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s. — To determine whether we require stiffeners: 
Safe resistance to buckUng 

= = 5656 lbs. per square inch. 

"■" 3000 X 4 X i 

As this is almost what we have adopted for shearing (6000 
pounds), the web will have to be stiffened at the bearings and 
under each concentrated load. A 3 X 3 X f inch angle on the 
outside of the web will be sufficient for the purpose (see girder 
drawing, Fig. 33). 

Rivets. — The shearing area being less than the bearing, the 
former will have to be adopted. 

The area of a f-inch-diameter rivet = J x i X -7854 = 
.6013. This multiplied by 7500 = 4510 pounds, safe shear for 
each rivet. The maximum bending moment at^. 

M = 340 ton-feet, and divided by the depth, the horizontal 
strain = -i^ = 170 tons or 340,000 pounds ; and then divided 
by 4510 = 75 rivets, to be placed a distance of 60 inches for 
one web or 1 20 inches for both, spaced about i-J inches centres 
from position of maximum M to R' support. As this is less 
than the minimum spacing in a straight line previously 
tdopted, the rivets will require to be staggered. This is also 
the practical reason why large angles, with the longer leg 
vertical, became necessary. 

By referring to the graphical shearing-force diagram, Fig. 
32, it will be seen that the horizontal increments of strain in 
the web are uniform from g to Ii'\ therefore rivets will be 
spaced if centres that distance. 

In dividing the 75 rivets in the distance from ^to <■ it will 
be noticed in the diagram that there is little shear in the webs 
between e and £: We will therefore space the rivets the maxi* 
mum adopted, or 6 inches centres. 
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The rivet spacing between e and R will have to be spaced 
by the horizontal strain at that point. 

At e, M = 320 ton-feet, and divided by the depth, the 
horizontal strain =: fA^ = 160 tons or 320,000 pounds; and 
then divided by 45 lO = 70 rivets, to be placed a distance of 
120 inches for one web, 240 inches for both, spaced about 3y\ 
inches from * to ^ support. 

Graphical Representation of the Bending Moments and 
Shearing Forces in a Girder supporting Two Concentrated 
Loads. — We have in the example a girder of 25 feet span sus- 
taining a concentrated load of 30 tons 10 feet from left support 




and 10 tons S feet from right support. We shall first determine 
R and R', the pressure on the supports, and then the vertical 
or transverse stresses. 
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Set the given forces W^ and W, off in succession along the 
line PF, Fig. 32, W, of 30 tons at i, W, of 70 tons at 2. The 
line PF is thus the polygon of the given' forces W^, U\, and 
P'P, its closing line, is their resultant 

Take any point O as pole, equal to ten units of the scale 
adopted, and draw the radii OP, Oi, O2. Then describe the 
funicular polygdn abcdhy drawing ab parallel to OP, terminat- 
ing in W^ produced ; be parallel to Oi, terminating in W^\ and 
ci/ parallel to £7,, terminating in the prolongation downwards 
of R'. The funicular polygon is now closed by the line da, 
and a line OS is drawn through the pole O parallel to da. 

Then as a condition of equilibrium, 

the reactions at .ff = PS, and at P: = SP'. 

Any ordinate from ad in the funicular polygon, as xy, meas- 
ured to the inclined line ai, be, or ed, multiplied by the pole 
distance OH, will give the bending moments at any point in the 
girder. 

The shearing forces are equal to the distances of the 
various points of the polygon of forces from S. 

Accordingly the hatched figure gives the shearing forces at 
any section of the girder ; and the shear on the webs can be 
measured by the same scale. 

The shear on the web from R' support to the 70-ton load 
W^ is uniform, as is also the 30-ton load Wy to R support. 
Between the two loads it will be noticed that there is but 
little shearing force. 
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D.qil.zMBlG00<^IC 



EXAMPLE V. 



GIRDER SUPPORTING TWO CONCENTRATED LOADS AND A 
UNIFORMLY DISTRIBUTED LOAD. 

In a girder supported at both ends, the bending moments 
at any point produced by all the toads is the sum of the 
moments produced at that point by each of the loads sepa- 
rately. This is a combination of the two previous examples, and 
each is to be taken separately. 

The polygon for the concentrated loads to be drawn under, 
and the parabola for the uniform load over, the girder. 

Example : What metal area would be required in the 
flanges of a box girder 16 inches wide, 32 feet span, 3 feet in 
depth, to sustain 60 tons concentrated 10 feet from right 
support, 40 tons 10 feet from left support, and a uniformly 
distributed load of 80 tons, with 6 tons unit strain per square 
inch in the flanges? 

Draw the triangles Fig. 34, having vertices at /and A, rep- 
resenting bending moments by 

M~IVX ^-j-^ tot loads W, and W, (Example II). 



32 



Draw the vertices </" and ^A by scale equal to 125 and 412.5 
ton>feet respectively, and connect each to ad; extend (/(equal 
to ek) to 6, and g^k (equal to gi) to c, and connect a, 6, c, d. 
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Then eb and ge measured by same scale will give the bend- 
ing moments produced at e and g by W, and W, . 



_^~g^-''.:x 




Draw the parabola for the uniform load, making FD, hy 
the same scale as for the concentrated loads, equal to the 
moment at the centre of the girder by formula : 



>X 32 



320 ton-feet. 



The bending moment due to the two concentrated loads and 
the uniform load at any point in the girder is equal at that 
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point to the sum of the ordinates of the parabola RDR and 
the polygon abed. 

Then at W, , the ordinate of the parabola mn and the poly- 
gon gc, 

M= 812.S ton-feet. 




„ 812.5 . , 

Flange area = ^ = 45.12 square inches. 

Construction of Flanges. — Then to make up the 45.12 
square inches in the flanges at g; we would require : 

Top flange = 2 angles 6" x 4" X i" = 11.72 square inches. 

1 plate 16" X i" =12 " 

2 plates 16" X H" = 22.00 " 

Total, 45.72 " 

For the bottom flange we deduct rivet-holes, then using 
J-inch-diameter rivets and allowing ^ inch more, we have for 
one hole H + tl + H + HX '=2^ inches, for two holes 
2^ X 2 = 5} square inches, to be added to the bottom flange 
at^, or 45. 12 + 5.535 = 50.62 square inches. 

* Refer 10 formula under girder of one concentrated load not al centre, 
t Refer to [ormula under girder of a uniformly distributed load. 
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Bottom flange = 2 angles 6" x 4" X \" = ".72 sq. in. 

I plate 16" X i" = 14-00 " " 

I " 16" X H" = '3-00 " " 

I " 16" X i" = 12.00 " " 

Total, 50.72 " " 

Webs. — The reactions due to both uniform and concen- 
trated loads may be obtained by adding together the reactions 
due to the uniform load and each concentrated load, or they 
may be computed in one operation. 

To 6nd the right reaction, R , the centre of moments is 
taken at the left support and the uniform load regarded as 
concentrated at its middle ; then the equation of moments is 

^X32 = 6oX22 + 40X 10+ So X 16, 

from which B! = 93.75 tons. In like manner, to firid R the 
centre of moments is taken at the right support and 

^X 32=60 X 10 + 40X22 + 80 X 16, 

from which R = 86.25. As a check the sum of R' and R is 
seen to be 180 tons, which is the same as the sum of the two 
concentrated loads and the uniform load. 

The thickness of web may then be determined by the for- 
mulas: 

At^',/ = g,= ;^^S°0 ^.868= iinch. 
M 36 X 6000 

At«,/= '^'55° =798= H " 

36 X tax) "^ " 

Adopting the greater thickness and having two webs, each 
will be one half of { or ^. 
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Stifleners. — To determine whether we require stifEeners ; 
Safe resistance to buckling 



- = 3069 lbs. per square inch. 



,+ 36X36 
' ^ 3000 X tV X A 

But having adopted 6000 lbs. per square inch as the safe 
shear, we will require stifleners to be placed throughout the 
length, from W, to K and W„ to R', spaced about 3 ft. centres. 
No stifleners are required between W^ and W„ , there being 
little shear on the webs in that length. Refer to the diagram 
Fig. 35- 

Then to stiffen the web against buckling, place a 4" X 4" 
Xl" angle outside of web. We then have for the thickness -^ 
+ 1 = -H inch, and the formula becomes : 

Sx/e resistance to buckling 

lOOOO , „ - . 

= ;:: -^ = 6700 lbs. per square men. 

■ I 36X36 ' ^ ^ 

^3000X+tXH 

Rivets.— The shearing area is again used in this example 
and )-inch-diameter rivets. 

The safe single shear for each \ rivet by table = 45 10 
pounds per square inch. The maximum bending moment is 
at g, and M = 812.5 ton-feet. Then divided by the depth, 
the horizontal strain = — ~ = 27a2tonsor 540,400 pounds. 
This divided by 4510 =119 rivets, to be placed a distance 
of 120 inches for one web or 240 inches for both, spaced about 
2 inches centres (staggered) from position of maximum M to 
R' support, from g to e. It will be noticed in the diagram Fig. 
35 that there is but little sheer on the web; therefore the max. 
imum (6 inches) spacing should be adopted. 
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The rivet spacing from t to R will be r^ulated by the 
horizontal strata at that point 

AXe,M= 737.625 ton-feet. 

Horizontal strain = '-^ — i- = 245.875 tons or 491,750 pounds, 

and then divided by 45JO = 109 rivets, to be placed a distance 
of 120 inches for one or 240 inches for both wehs, spaced about 
2^ inches (staggered) from etoR support. 

Graphical Representation for Two Concentrated Loads 
and a Uoifonn Load. — In the following diagram, Fig. 35, we 



have a combination of the previous examples. The uniform 
load to be considered is a system of equal and equidistant loads 
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close together, as in Fig. 28. In determining the reaction on 
the support, we set the given loads W, , W,, IV,, . . . W^„ off in 
succession along the line PP". The uniform load of 80 tons 
being divided into 16 parts, each equal to 5 tons, set W, of 5 
tons at 1 ; W, of 5 tons at 2 ; If, of 5 tons at 3 ; W, of 5 tons 
at 4 ; IV, of s tons at 5 ; iV,, the concentrated load, at 6 ; and 
so on to the end. The line PP' is then the polygon of the 
forces, and P'P, the closing line, is the resultant. 

Take any point ^ as a pole equal to ten units of the scale 
adopted, and draw the radii OP, Oi, O2, O3, O4, 0$, . . . C18. 
Then describe the funicular polygon al>cd . . . stuv by drawing 
ab parallel to OB, be parallel to Oi, terminating in the prolong- 
ation of W^ ; cd parallel to (?2, terminating in W, produced ; . . . 
finally, uv parallel to 0\%, terminating in the prolongation 
downwards of J?'. 

The funicular polygon is now closed by the line va, and a 
line OS is drawn through the pole O parallel to va. 

Then as a condition of equilibrium 

the reaction at ^ = PS, and at R! = SP. 

Any ordinate from mi in the funicular polygon and meas- 
ured to the inclined lines ab, be, cd, de, . , . uv, multiplied by 
the pole distance OH, will give the bending moment at any 
point in the girder. 

The shearing forces on the web can be measured on the 
hatched figure as explained in our previous examples. The 
greatest shear is at the bearings, and extends from the con- 
centrated loads W, and W^, to R and 1^. There is little or 
no shear on the web in centre of the girder. 

The Area of Flanges reduced by the Funicular Poly- 
gon. — Construct the diagram Fig. 36, by drawing the polygon 
RDRf similar to the funicular polygon Fig. 35. 

From a point on the closing line RR' directly under the 
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maximum bending moment at F, draw FD at the same point; 
place the scale at any angle until it meets DH perpendicular 
to FD at e, measuring 45.12 square inches of the top flange. 

For the two angles set off 5.86 square inches each at a and 
h, then one plate 16 X i or I2 square inches at c, two plates 



=P 




16 X H °'' " square inches each at </and e. Horizontal lines 
drawn to FD, and again lines drawn from FD parallel to RR', 
intersecting the polygon and carried up to RR', will give the 
position of the plate in each flange. The angles and adjoining 
plates to extend the full length of girder. The other plates to 
extend over the calculated distance to reach at least four cross- 
lines of rivets. 
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GIRDER SUPPORTING THREE CONCENTRATED LOADS. 

In a girder supported at both ends, the bending moment at 
any point produced by three concentrated loads is the sum of 
the moments produced at that point by each load separately. 

Example : What metal area would be required in the flanges 
of a box girder of 35 feet span, 2 feet 6 inches in depth, to sustain 
40 tons concentrated 5 feet and 70 tons 15 feet from left sup- 
port, and 60 tons concentrated 10 feet from right support,, 
the girder to be 20 inches wide ? ■ 

Draw the triangles Fig. 38 as in the previous examples, 
having vertices at t, t, and k, representing bending moments t^ 



for loads W^, W^, and If^,, as in Example II. 



At H,iQtW^,M=ApX ^-^^ = 17143 ton-feet. 



35 



At^.for H'.,J/= 60X^—^ = 428.57 " 



Draw the vertices A/,/i, and g-k by scale equal to 17143,600, 
and 428.57 ton-feet respectively. Connect each to Ji and R'. 
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7S 



Extend At to d, equal to the sum of Ar and As ; extend /i to 
c, equal to the sum of /o and /n ; extend g^i to </, equal to the 
sum of ^ and ^m. Connect 0,5, c.aadd. Then Ai,/c, arndgd. 




measured by same scale, wQl represent the bending moments 
produced at A,/, and /'in the girder by loads W,, 1V„ and W^. 

At any point in the girder, as ;r, ^ or a will, by same scale 
measured from base line tu to the polygon aiaie, represent 
the bending moments at their respective points. 

Then by scale : 

At k, Jf= 457-13 ton-feet. My,M— 878.57 ton-feet. 



= 714.28 
■ /, " = 971.42 



= 785-71 
= 392.85 
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From the above diagram it will be observed that the maxi- 
mum M occurs at point f. For the proof refer to Fig. 20, 
diagram of one concentrated load not at centre. 

- = 6co ton-feet. 



At/,for(r,,jl/=40X^-^-^ =114.28 

At/,for ff;,Jf = 6oX '°^ '^ =257-14 

Max. M = 971.42 " 

Area of flange = ^ ' ^ = 64.76 square inches. 

Construction of Flanges. — To make up the 64.76 square 
inches in the flanges at /we would require: 

Top flange = 2 angles 6" X 4" X I" = 11.72 square inches. 
I plate 20" X i" = 15.0 " " 

3 plates 20" Xf =37-S 

Total, 64.22 " •' 

.54 of an inch less than required. 

For the bottom flange we deduct rivet-holes. Then using 
f-inch-diameter rivets and allowing f inch more, we have for 
one bole f + i" -f- f" + 1" + i" X i'-' = ¥> ^°^ ^^wo holes 
^ X 2 = V^ = 6f square inches. On account of the closeness 
of the rivets it will be noticed, by referring to the girder 
drawing Fig. 41, another hole in the vertical leg of the angle 
will require to be deducted ; we have then for one hole § X I 
= -J, for two holes ^ X 2 = ^ = l^ square inches, to be added 
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to the bottom flange at/, or 64.76 + 6.375 + 1.25 = 72.385 
square inches. Then 

Bottom flange : 2 angles 6" X 4" X f " = 1 1.72 sq. inches. 
4 plates 20" X J" =60 " " 



Webs. — To find the right reaction at R', the centre of 
moments is taken at the left support. Then the equation of 
moments is 

^' X 35 = 40 X 5 + 70 X 15 + 60 X 35, 



from which R' = -- ~ = 78.57 tons. In like manner to find 
•R, the centre of moments is taken at the right support, and 

^ X 35 = 60 X 10 + 70 X 20+40 X 30, 



from which R — — - — = 91.43 tons. As a check, the t 

R' and R is seen to be 1 70 tons. 

Then the thickness of the web becomes ■ 



*'*'■' = 57fw = ■«". -»'y i o' - i-h- 



. „ 182860 , , 

AtR, t = -—TT-T-— = 1. 1 5, say I mch. 
30 X 6000 -^ ■' 



Adopting the greater thickness and having two webs, each will 
be i inch thick. 
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Sttfleners. — To determine whether we require stifieners : 
Safe resistance to buckling 



- 4545 pounds per square inch. 



1 + 



3000 X i X i 

This being less than 6ocx> pounds, the safe shear per square 
inch, the webs will require stiffeners at bearings, under each 
concentrated load, and the intervening distances from R to 
W, , W^ to (f, , W^ to R', every three feet. No stifieners are 
required between W^ and W^ Refer to Diagram Fig. 40. 

Then to stiffen web at the above-stated points, place a 4" 
X 4" >^ t" angle on outside of each web, and the formula 
becomes : 

Safe resistance to buckling 

locaa „ . . . 

= xo X ^o — ~ ^'^ pounds per square mch. 

' + 3000 X i X i 

Rivets. — The safe shearing area of a J-inch-diameter rivet 
from table = 4510 pounds. 

The maximum bending moment at/: 

i/ = 97142 ton-feet 



Horizontal strain = ■ ' = 38S.66 tons or 777,320 pounds. 

This divided by 4510 = 170 rivets, to be placed a distance 
of 180 or 360 inches in both webs, spaced about 2^ inches 
(stag^red) from /to R support. 
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The maximuin bending moment at gi 
M ~ 785.71 ton-feet. 



Horizontal strain = 



785-7' 
2.5 



= 314.4 tons or 629,000 pounds. 



Then divided by 4510 = 139 rivets, to be placed a distance 
of 120 inches for one or 240 inches for both webs, spaced about 
ij inches (staggered) from g to R'. 

The rivets to be spaced between W^axvA Ff',, 6 inches centres. 

Flange Plates reduced in Area towards the Sup- 
ports. — Draw the diagram Fig. 39, as in our previous examples, 
upon the span R R', making the polygon RBDGR' similar 
to the bending moment polygon, Fig, 38. At F, 15 feet from 
R support, draw FD equal to the maximum, 

.JL. 




Bending moment due to the sum of the load W^W^, and W, 
at that point, or 971.42 ton-feet. Draw the rectangle RCERf ; 
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then from F place the scale at any angle, as at Ff, until it 
measures 64.76 square inches of the top flange. For two angles 
set off 5.86 square inches each at a and b ; one plate 20" X %", 
orij square inches, at IT ; 3 plates 20" X^"!**' ^-^S square inches, 
each at e, d, and /. Horizontal lines drawn from a, b, c, d, e, 
and /to the polygon and carried down to base line RR' will 
give the position of plates in each flange. 

The angles and adjoining plates to extend the full length of 
girder. The plates to extend over the calculated lengths, equal 
to two cross-lines of rivets. 

Graphical Representation of the Bending Moments 
and Shearins Forces for Three Concentrated Loads. — 
We have in this example a girder of 35 feet span, to sustain a 




concentrated load of 40 tons j feet from R support, 70 tons 
20 feet, and 60 tons 10 feet, from R' support. We shall first 
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determine, as in our previous examples, the pressure on the 
supports. 

Set the given loads W, , W, , and W^ , Fig. 40, off in succes- 
sion along a line PP' : W, of 40 tons at !, IV, of 70 tons at 2, 
and W, of 60 tons at 3. The line PP" is thus the polygon of 
the forces IV,, IV,, and W,, and P'P, its closing line, is their 
resultant. Take any point O as pole, equal to ten units of the 
scale adopted, and draw the radii OP, Ol, O2, 0$. Then 
describe the funicular polygon aic^ by drawing ai parallel 
to OP, terminating in W, produced, dc parallel to Oi, cd 
parallel to O2, terminating in the prolongation of W, and W^ 
respectively, and de parallel to 0%, terminating in the prolonga- 
tion downwards of R. The funicular polygon is now closed by 
the line ea, and a line OS is drawn through the pole O parallel 
to ea. Then as a condition of equilibrium, 

the reaction at /f = PS, and at R' = SP. 

The bending moments at any point in the girder can be 
measured by the ordinates of the funicular polygon multiplied 
by the pole distance 0//. The shearing forces at any point on 
the webs to be measured from the hatched figures. The maxi- 
mum shear on the webs is at Ji support, and is equal by scale 
to 91.43 tons, the same as previously calculated. 
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GIRDER SUPPORTING FOUR CONCENTRATED LOADS. 

The bending moment at any point produced by all the 
loads is the sum of the moments produced at that point by each 
of the loads separately, being the same as two and three con- 
centrated loads. 

Example : What metal area would be required in the 
flanges of a box girder of 40 feet span, 3 feet in depth, to sustain 
20 tons concentrated 5 feet and 60 tons i; feet from left sup. 
port, 50 tons 10 feet and 30 tons 5 feet from right support, 
the girder to be 20 inches in breadth. 

Draw the triangles, Fig. 42, having vertices at «, t, x, and q, 
representing bending moments by 



M= ffx 



ay.b 



for loads Jf, , W^,W^, and W, (as in Ex. II). 



At^, for H',,jW" = 2oX^-^^-^= 87.5ton-i 
40 

At A, for W., 3/ = 60 X l^^i^ = 562.5 
40 



At A, for H'.,J/=30X-^^^ = 131-25 
40 



Draw the vertices gn, ht, ix, and kq by scale equal to 87.5, 
562.5, 375, and 131.25 ton-feet respectively, and connect each 
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with R and R'. Extend gn to h, equal to gl -\- gm + go ; ex- 
tend hi to c, equal to kp -\- kr -{• hs ; extend ix to d, equal to 
. »■« + iv + »w ; extend kg to *, equal to kj -\- ky -\- kz. Con- 
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nect d, *, c, d, e, f. Then ^, kc, id, and i^, measured by samfr 
scale, will represent the bending moments produced at g, h, i, 
and k in girder by loads W, , W^, W,, and W, . 

Then atg, M= 356.25 ton-feet; at i, M = 781.25 ton-feet- 
at A, ^ = 868.75 " aX.k,M = 737.50 

The maximum bending moment due to the several loads it 
can be seen at a glance on the diagram is under the load at k^ 
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the point in the girder requiring the greatest amount of metal 
in the flanges. 

AtA, iI/=868.75. 
A — -^ = 48.27 square inches in the top flange. 

Construction of Flanges. — To make up the required sec- 
tion we will construct the section as follows : 

Top flange = 2 angles j" X 3i" X H" — '°^74 ^' inches. 
3 plates 20" X i" = 37-S 

Total, 48.24 " 

For the bottom flange we deduct the rivet-holes, then 
{"-diameter rivets and allowing J" more, we have for one 
W + f + f + f X '" = H". for two holes H X 
^ = 5^ square inches, to be added to the bottom flange at h, 
or 48.24 + S.125 = 53.365 square inches. 

Bottom flange = 2 angles 5" X 3i*' X H" = 10.74 sq. inches. 
2 plates 20" X I" = 3aoo " 

I " 20" X i" = 12.5 

53-24 

Webs. — To find the shear on the web at R', the centre of 
moments is taken at R. 

Then R' X 40 = zo X 5 + 6° X 15 + So X 30 + 30 X 35. 
from which R' = 88.75 tons = 177,500 pounds. 

In like manner to find R, the centre of moments is taken 
at^'. 

Then ^ x 40 = 3° X 5 + So X 10 + 60 x 25 + 20 x 35. 
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from which ^ = 71.25 tons or 142,500 pounds. As a check, the 
sum of R! and R is seen to be 160 tons, which is the sum of 
the four loads. 

The thickness of web is then determined by the greatest 
shear. 



-i5^ = .82,,sayiinch. 
j6 + 6000 



Having two webs, each will be -^' thick. 

Stiffeners. — To determine whether we require stiffeners : 
Safe resistance to buckling 



1 + 



10000 



: 3069 pounds per square inch. 



3000 X A X ,V 



Having adopted 6000 lbs. per square inch for safe shearing, 
the webs will require to be stiffened at the bearings, also under 
each concentrated load and between W, and W^ , W, and ^' 
support, two stiffeners between W^ and W^ , and one between 
W, and R support. Between loads H^ and W, there is very 
little shear (see diagram Fig. ). 

By riveting 4" X 4" X iV" angeles on the outside of webs, 
we have for the thickness of each web •^" + -j^" = ^". 

Then the formula becomes 



- = 6392 lbs. per square inch. 



, "^SOOOXHXH 

Rivets. — Using f-inch.diameter rivets, the safe shear per 
square inch from table equals 45 10 lbs. 
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The maximum bending moments at A: 

M = 868.75 ton-feet 

Horizontal strain = — = 289.58 tons or 579,160 pounds. 

This divided by 4510= 128 rivets, to be placed a distance of 
180 in one or 360 inches in both webs, spaced about 2|| 
.inches from ^ to .£ support. 

The maximum bending moment at ( : 

M = 781.25 ton-feet 

Horizontal strain = 

5 

This divided by 4510 =115 rivets, to be placed a distace 
of 180 in one or 360 inches in both webs, spaced about 3^ 
inches from i to R' support. 

The rivets between A and i to be spaced 6 inches centres. 

Flange Plates Reduced in Area towards the Sup- 
ports. — Draw the Diagram Fig. 43 equal and similar to the 
polygon Fig. 42, a. b, c, d, e, and / representing the bending 
moments due to the sum of all the loads at the points/-, k, i, and k. 

Draw the rectangle RCER'. Then from F place the scale 
at any angle, as at Fe, until it measures 48.2 square inches of 
the top flange. For two angles set off 5.37 square inches each at 
a and b; three plates 20" X f" or 12.5 square inches each at 
c, d, and e. Horizontal lines drawn from a, b, c, d, and e to the 
polygon and carried down to base line RR' will give the position 
of plates in each flange. 

The angles and adjoining plates to extend the full length 
of girder. 
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The plates to extend over the calculated lengths equal to 
(our cross-lines of rivets. 




Graphical Representatioa of the Bending Moments 
and the Shearing Forces for Four Concentrated Loads. 
— We have in this example a girder of 40 feet span to sustain 
concentrated loads of 20 tons J feet and 60 tons 15 feet from 
R support, 50 tons 10 feet and 30 tons ; feet from R! support. 

Set the given loads W, , W^, If,, and W^, Fig. 44, off in 
succession along a line PP ': iV, of 20 tons at [, W^ of 60 tons 
at 2, W, of 50 tons at 3, and W^ of 30 tons at 4. The line PP" 
is thus the polygon of the forces IV,, W, , W, , and W, , and 
PP', its closing line, is their resultant. Take any point O as 
pole, equa! to ten units 0/ tie scale adopted, oaA Ara-vt the radii 
OP, Oi, O2, Oi, O4. Then describe the funicular pol^ron 
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ahdef, by drawing ab parallel to OP, terminating in W, pro- 
duced ; be parallel to Ol, cd parallel to 02, de parallel to (?3, ef 
parallel to O^ terminating in the prolongation of R' down- 




Fn..44. 



wards. The funicular polygon is now closed by the line fa, 
and a line OS is drawn through the pole O parallel to fa. 
Then as a condition of equilibrium 

the reaction at ^ = PS, and at R' — SP. 

The bending moments at any point in the girder can be meas- 
ured by the ordinates of the funicular polygon multiplied by 
the pole distance OH. 

The shearing forces on the webs to be measured from the 
hatched figure. 
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Example VIII. 
steel girder supporting nve concentrated loads. 

In this example the calculations for the shear on the webs 
and the transverse strains at any cross^section of the girder will 
be purely graphical 

Example ; What metal area would be required in the 
flanges of a steel box girder of 50 feet span, 4 feet in depth, to 
sustain the following concentrated loads: 30 tons 10 feet, 40 
tons 1 5 feet, 60 tons 20 feet from left support, 100 tons 20 
feet and 50 tons 10 feet from right support? 

7 tons unit strain per square inch for the flanges, and 7000 
pounds safe shear per square inch on the webs. 

Draw the diagrahi representing the girder, Fig 47, to a 
scale of ^ of an inch per foot, with two supports and loaded 
with W,, W,, IV,, W, ,and W^, , representing each concentra- 
ted load respectively. 

Set the given loads off in succession along the line PP' by 
same scale, equal to 10 tons per foot : IV, of 30 tons 3 feet at 
i; M^, of 40 tons 4 feet at 2 ; W, of 60 tons 6 feet at 3; W^ of 100 
tons 10 feet at 4 ; IV^ of 50 tons 5 feet at 5. The line PP' is 
then the polygon of the forces W, . . . W, , and P'P, its closing 
line, their resultant. 

Take any point O as pole, say 10 feet distant from PP', and 
draw the radii OP, Oi, O2, 0$, O4, and 0$. Then describe 
the funicular polygon abcdefg, by drawing ab parallel to OP, 
terminating in W, produced ; be parallel to 0\, terminating in 
the prolongation of W, . . . ; and finally^ parallel to 0%, ter- 
minating in the prolongation downwards of R'. 

Close the funicular polygon by the line ^a, and draw 
through the pole O a line OS parallel to^. 



D.qit.zeaOvGoOt^lc 



92 COMPOUND RIVETED GIRDERS. 

Then the reaction at R will equal the distance measured 
from S to P, and the reaction at R' the distance from S to F \ 
or, the shearing forces are equal to the distances of the various 
points of the funicular polygon of forces from S, Accordingly 
the shearing forces have been taken from the polygon of forces 




and used as segments of PP', to which they correspond ; thus 
the hatched figure is obtained which is termed the " shearing- 
force diagram." 

The shear on the web by scale : 

At ^ = 13 feet 9I inches* or 13.8 X 10 = 138 tons. 

At ^ = 14 " 2} " " 14.2 X 10 = 142 " 



* To facilitate the calculation it would be well to adopt a scale in tenths 
instead of in feet and inches. 
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Then the thickness of Webs at R, 
^ 2;6ooo 



48 X 7000 



= .821, say finch. 



The girder liaving two webs, each will be -^ of an inch 
thick. 

At R', T = 



48 X 7000 



Each web will therefore require to be -^ of an inch thick from 
ei^d to end, and 48 inches in depth. 
To repeat : . 

The shear under load W,= 138 tons. 

" W, = 138 - 30 =108 " 

" iV, = 138 - (30 + 40) = 68 " 

" " " " (f, = 142 — 50 =92 " 

" " " " W,^ 142 " 

From the above it will be noticed that the thickness of 
webs would vary from each concentrated load towards the 
supports ; if they were proportioned accordingly, it is doubtful 
whether the saving in iron would compensate for the additional 
splicing, punching, and riveting ; in very large girders there 
would be, but for girders 4 feet in depth and under it is hardly 
practicable. 

Determination of the Bending Moments.— The maxi- 
mum bending moment in the girder is at the greatest load, ff^ , 
and the distance by scale from e in the funicular polygon to 
the closing line ga measures 23 feet 4^ inches, or 23' 4". This 
multiplied by 10 (as we adopted a scale of 10 tons per foot), 
-and ^ain by the pole distance, 10, (01/,) = 2340 ton-feet. 

Area of flange = "j" = 83.57 square inches at W,. 
4x7 
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At W^,M measured from b to the line ^n =: 13 feet 9^ 
inches, or 13.8 X 10 X 10 =: 1380 ton-feet 

^ — —3 — = 4g square inches. 
4X7 

At W^,M measured from £7= 19 feet z\ inches, or 19.2 
X 10 X 10 = 1920 ton-feet. 

A = — — = 68,57 square inches. 
4X7 

At Wt,M measured from D = 22 feet y-f^ inches, or 22.6 
X 10 X 10 = 2260 ton-feet. 

A = = 80.7 square inches. 

At Wj, ^measured from/= 14 feet 2% inches, or 14.2 X 
10 X 10 = 1420 ton-feet. 



Construction of Flanges.— To make up the 83.57 square 
inches in the top flange at e, we construct the section as 
follows : 

Top flange = 6" X 6" X H" = '8.12 square inches. 

2 plates 24" X J" = 36.00 " " 

3 " 24" X i" = 30-00 " 

Total, 84.12 " 
For the bottom flange deduct two rivet-holes in the hori- 
zontal leg of the angles connecting the flange and two holes in 
the vertical leg connecting the webs, then using J-diameter 
rivets and allowing 4" more, we have for one hole in the flange 
•H"+r + r + r + i"X i" = 3-A", for two holes 3iV"X 
2" = 7^ inches. 
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For one hole in the vertical leg of the angle J X i = f ; 
for two holes } X 2 = l) square inches. Then for the bottom 
flange 83.57+7.125 + 1.5 = 92.195 square inches. 
Bottom flange = 2 angles 6"- X 6" X H" = ^8.12 sq. inches. 
I plate 24" X f" = 21.00 " " 

3 plates 24" X J" = 54.00 " " 

Total, 93.12 " 

Stiffeoers. — ^To determine whether we require stifTeners : 
Safe resistance to buckling for steel 

- — = 2200 lbs. per square inch. 



1 + 



3000 X tV X tV 



Having adopted 7000 pounds per square inch for shearing, 
the webs will require to be stiffened at the bearings, under 
each concentrated load ; one stiffener between R and W, , one 
stiffener between IV, and W, , and two between W, and R' sup- 
port. 

By riveting 5X5X1 angles on the outside of the webs 
at the above points, we have for the thickness of each web 

Then the formula 



= 7448 lbs. per square inch. 



1 + 



3000 X +t X H 



Rivets. — Using l-inch-diameter rivets, the safe shear per 
square inch equals 4510 pounds. 

The maximum bending moment at e: 

M = 2340 ton-feet. 
Horizontal strain = -^ = 585 tons or 117,000 pounds. 
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This divided by 4; 10 = 259 rivets, to be placed a distance 
of 240 inches in one or 480 inches in both webs, spaced about 
1 1 inches (staggered) from t to R' support 

From EKq R support the 259 rivets to be placed a distance 
of 360 inches in one or 720 inches in both webs, spaced about 
3|f inches. On account of the greatest horizontal increments 
of strain in the web at the supports, the rivets should be spaced 
closer as the ends are approached. 

Area of Flanges reduced towards the Supports. — 
Construct the diagram Fig. 48 by drawing the polygon 
RBCDGR' similar to the funicular polygon, Fig. 47. 




From a point on the closing line RR! directly under the 
maximum bending moment at F draw FD. At F place the 
scale at any angle, as at Fg, on a horizontal line Diy, until it 
measures 83.57 square inches of the top flange. For two angles 
set off 8.61 square inches each at a and b ; two plates 24 x 1, or 



D.qit.zeaOvGoOt^lc 



EXAMPLE VIZI. g7 

18.36 square inches, each at c and d\ two plates 24 X iyOt 15.3 
square inches, each at e andy. The additional inch in the top 
plate extends beyond the line D'D. Horizontal lines drawn 
from ab...f to FD, then to the polygon parallel to RBCDGR', 
and carried up to the base line RR', will give the position of 
the plates in both flanges. 

The angles and adjoining plates to extend the full length 
of girder. 

The other plates of the Banges to extend longer than the 
calculated distance, as previously explained. 

A Cantilever Girder. — A simple girder is a girder resting 
upon two supports ; a cantilever girder rests upon one support, 
in its middle, or the portion of any girder projecting out of a 
wall or beyond a support. 

Wc have so far considered the effect of loads on girders 
supported at each end. 

The bending moment of a girder resting on one support, as 
a cantilever, is equal to the weight multiplied by the distance 
from the weight to the support, or 

M= WL. 

The bending moment at any point in the p'rder when the 
weight is at the end is equal to the weight multiplied by the 
distance from the support minus the distance from the support 
to point deared, or 

M=W{L-x). 

Suppose we have the cantilever Fig. 49, loaded at the end 
with W. Then will the bending moment at any section, as at 
X, be obtained by multiplying Why bx; that at RF being Wi. 

If now we lay off FD to scale to represent this, and join D 
witi the end of girder, then will any ordinate, as x or y, repre- 



D.qit.zeaOvGoOt^lc 



98 COMPOUND RIVETED GIRDERS. 

sent (to the same scale) the bending moment at a section x 
or> 

The strains in top and bottom flanges are reversed to those 
in a simple girder supp6rted at both ends — the bottom flange is 




in compression, while the top is in tension; but the calculations 
■forthe rivets, buckling and shearing of the webs are the same. 
"^ ' The shear on the web will be equal to the total load, or 



: W. 



Girder fixed at one End supporting a Uniformly 
Distributed Load. — If wc have a uniformly distributed load, 
we would have for the line corresponding to FD a curve 
(concave), or 



J/=- 



WL 



Then any ordinate, as x or y, drawn to the curved line will 
represent the bending moments at the corresponding point of 
the girder. 

The shearing stress will equal the total load the same as 
before. 
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w 



Girder fixed at oae End and supporting Two or 
More Loads. — When we have more than one load on the 
girder we must draw the line D to Wlor each load separately, 
and then find the actual bending moment at any point by talc 
ii^ the sum of the ordinates (drawn from that point) of each 
of these separate straight lines or curves. 

If we then draw a new curve whose ordinates are these 
sums, we shall have the actual bending moments for the girder 
as loaded. 

The Relative Strength or Cantilever and Simple 
Beams. — The following table exhibits the most important 
results relating to the relative strength of cantilever and simple 
girders : 



Uniform Croo^ecUoB. 



Cantlkver, load at end 

Cantilever uniformly loaded.. . . 
Simple girder, load at centre.. . 
Simple girder uniformly loaded. 






iWL 
kWL 
\IVL 



I WL* 
3 EI 
I WI* 
S EI 
I WL^ 
48 EI 
5 WD 
384 EI 




W = load In iochei; L = span in inches; E = modulus of elasticity in 
pounds-inch; / = moment of inertia of cross-section in incbes. 

Experiments on riveted girders have given moduli of elas- 
ticity considerably lower than for solid sections, as I beams. 
Owing, however, to imperfections in riveting, etc., the compound 
section will deflect much more. 

Therefore about 15 per cent less than that adopted for the 
solid section should be used, say 22,000,000 for wrought-iron 
and 24,000,000 for steel, 27,000,000 and 29,000,000 being the 
average for solid sections. 
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Tbe Moment of Inertia for Rectangular Settio na , snch 
Compound Riveted Girders, as Fig. 50 and Fig. 51. 




F)G. }D. FU ^ 

Fig. 50, / = — -^^ £ar£i£_. 



Fig. Sl,/=- 



,■t 4, i: 



N.B.— The TAlne o( — , — , -^', and -^ reprcMatt one lide only; fof in- 
■unee. If -^ = } o( an ioch, b, = i) inch. Tbe lame applies lo ^, 
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The Moment of Inertia for Rectai^^ular Sections^ such 
Compound Riveted Girders, as Fig. 50 and Fig. 51. 




Fig. 50, / = - 



Kd.:-b,JJ 



Fig. 51./ = 



M* - 6/i; - 6„d,; - b,„dj - b„„d,„ 



BUnce, if — = } of an inch, b, = 1} inch. The same applies to — . 
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PART IV. 

TABLES. 

AVERAGE WEIGHT, IN POUNDS, OF A CUBIC FOOT OF 
VARIOUS SUBSTANCES 

Aluminum, 162 

Anlhractle, solid, of Pennsylvania, 93 

" broken, loose, 54 

" heaped bushel, loose, (80) 

Ash, American white, dry, 38 

Asphattum 87 

Brass, (Copper and Zinc,) cast. 504 

■■ rolled 534 

Brick, 'Wec pressed 150 

" common hard, 12$ 

' ' soft, iaferior 100 

Brickwork, pressed brick, 140 

ordinary, II3 

Cement, hydraulic, ground, loose, American, Rosendale, . . ■ 5*^ 

" " " " " Louisville SO 

" " " English, Portland 90 

Cherry, dry, 43 

Chestnut, dry 41 

Clay, potter's, dry I19 

" in lump, loose, A3 

Coal, bituminous, solid, 84 

" " broken, loose. 49 

" " heaped bushel , loose (74) 

Coke, loose, of good coal, 62 

" " heaped bushel, (40) 

Copper, cast 542 

rolled 548 

Earth, common loam, dry. loose, 76 

" " " " moderately rammed, 95 

" ai a soft Bowing mud, 108 

Ebony, dry 76 

Elm, dry 35 

Flint, "... 162 

Glass, common window, I 157 

Gneiss, common, 168 
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Gold, cast, pure, or 34 carat, 1204 

" pure, hammered 1417 

Granite 17O 

Gravel, about the same as sand, which see. 

Gypsum (plaster of paiis), .......... 143 

Hemlock dry *S 

Hickory, dry, 53 

Horableode, black 303 

'«. 5«-7 

lion, caot, 450 

" wrought, purest 4S5 

" " average, 480 

Ivory, 114 

Lead, 711 

Lignum Vitse, dry, 83 

Lime, quick, ground, loose, or in small lumps 53 

" " " " thoroughly shaken, 75 

" " " " per struck bushel (66) 

Limestones and Marbles, 16S 

" " " loose, in irregular fragments, .... 96 

Magnesium ^ 109 

Mahogany, Spanish, diy, , , 53 

" HoDduras, dry, 35 

Maple, dry, 4;^ 

Marbles, see Limestones. 

Masonry, of granite or limestone, well dressed, . . . , . 165 

" " mortar rubble 154 

" " dry " (well scabfaled,) 138 

" " sandstone, weU dressed, 144 

Mercury, at 33° Fahrenheit, 849 

Mica, 183 

Mortar, hardened 103 

Mud, dry, close, 80 to IIO 

" wet, fluid, maxlmuin j30 

Oak, live, dry 59 

" white, dry, M 

" other kinds, 32 to 45 

Petroleum, « 

Pine, white, dry, 3j 

" yellow. Northern 3^ 

*' " Souihem, 4^ 

Platinum, 1343 

Quartz, common, pure, 165 

Rosin, 6^ 

Salt, coarse, Syracase, N. Y., 4c 

" Liverpool, fine, for table use, jg 
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Sand, of pure quarti, dry, loose. 90 to 106 

" well shaken, 9910117 

" perfectly wet, laa to 140 

Sandstones, fit for building 151 

Sbales, red or black, i6a 

Silrer, 655 

Slate, 175 

Snow, freshly fallen 5 to 13 

" moistened and compacted bf rain 15 to 50 

Spmce, diy, 25 

Steel. 490 

Sulphur, 125 

Sycamore, dry 37 



Turf or Peat, dry, unpressed, ', 20 to 30 

Walnut, black, dry 38 

Water, pure rain or distiUed, at ao° Fahrenheit 62^ 

" »ea, 64 

Was, bees, 60,5 

Zinc or Spelter, 43 7 
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WEIGHT OF RIVETS IN POUNDS. 



WEIGHT OF 100 RIVETS 1 



L^fthol 




DbuHCer o( RItw in locbet. 




Rivet 














inlachn 














under Hod. 


1 


\ 


• 


1 


J 


' 


I 




S-4 


ia.5 


31.3 


a8.o 


43. S 


64.6 


I 




£■9 


13. 1 


33.4 


39.5 


44.6 


67.3 






6.3 


'3-7 


33.5 


31.0 


46.7 


69.9 
73.8 


I 




6-7 


14.4 


34.7 


33.7 


4B.9 


I 




7-0 


iM 


36.0 


34.a 


51.0 


75.0 


' 




7-3 


15.8 


87.1 


35.6 


53.3 


77.8 




7.6 


16. s 


38.3 


37.0 


55.3 


81.3 


» 


7-9 


i7.a 


39.6 


38.4 


57.5 


84.? 




8-3 


17.8, 


31.0 


39-8 


S9.5 


86.9 




8.8 


1B.4' 


33.1 


41-5 


61.7 


89- S 




9.1 


19.1 


33.3 


43-2 


63.9 


93.3 


«• 


9-5 


19.8 


34.4 


44.8 


66.0 


94.8 




9.8 


ao.5 


35.4 


46.1 


68.3 


97.3 








36.1 


47.7 


70.1 




3 


I0.6 


ar.9 


37.0 


49-0 


73.1 


103.5 


3i 




aa.7 


38.3 


S0.6 


74.0 


105.1 


3 


n.3 


33.4 


39-1 


53.1 


76.3 


107.8 


3 




34.0 


40.3 


53-7 


78.5 


1 10.4 


3 




34.7 


41.0 


5S-a 


80.3 


113.9 


3 


ia.5 


a5.3 


43.0 


56.7 


83.4 


115.5 


3 


13.8 


36.0 


43.9 


58.1 


84.3 


118.0 


3 


13. a 


36.a 


44.1 


60.0 


86.5 


1 30.6 


4 


13.6 


37.3 


45-1 


61.5 


86.7 


133.3 


4 


14.0 


38.0 


46.3 


63-a 


91.0 


135.7 


4 


14.4 


38.9 


47-1 


65-1 


93.4 


138-3 


4 


14.9 


a9-S 


48.0 


66.6 


95." 


131.0 


4 


15.3 


30,3 


48.9 


6B.0 


97.3 


■33.6 


4 


«5-7 


30.9 


49.8 


69.3 


99-5 


136.3 


4 


16. 1 


31.6 


51.0 


70.9 




138.8 


4 


16.5 


33.3 


52.1 


73.5 


103.4 


141.3 


5, 


17.0 


33-9 


S3-3 


74.3 


105.3 


1440 


51 


17.6 


33.6 


55.6 


77.3 


iog.8 


isao 


Si 


18. a 


35-1 


se.8 


80.3 


114.1 


'55-7 


5> 


18.9 


36.6 


58.0 


83-3 


118.0 


161.0 


6 


19-7 


37.7 


59-9 


86.1 


133.7 


166.1 



WEIGHT OF TWO (3) RIVET-HEADS IK POUNDS. 

\ \ \ \ \ 

Before driTing 036 .114 .318 .368 .444 

Aflerdriving 031 .oBo .160 .260 .440 

WEIGHT OF BODY PER INCH OF LENGTH. 
Before driving 031 .054 .0S5 .133 .167 
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DECIMAL EQUIVALENTS FOR FRACTIONS OF A FOOT. 


I 


0052 
0104 
0156 


1 


assa 
a604 

2656 


t 


S053 
5104 
5156 


1 


7656 


i 


(w6o 

031a 


1 


2708 
3760 
2813 


1 


S208 
5360 
S313 


^f 


7,'S 


! 


0364 

0417 
0469 


t 


2865 
a9'7 
3969 


W 

6A 


5364 
5411 
5469 


t 


716S 
7917 
7969 


i 

? 


051 1 

0573 
062s 


3 

3H 

3 


3031 

3073 

3135 


1 


5521 
5S73 
5625 


1 


Sosi 
8073 
81*5 




0677 

0729 

078. 




3 '77 
3229 
3281 




5677 

lis 


if 


8177 


k 


0833 
088s 

0937 


It 


3437 


k 


lUl 

5937 


k 


Sil 

8437 


■ft 


0990 
104a 
1094 


t 


3490 

3S43 
3594 


1 


6094 


■1 


8490 
8543 
8594 


il- 


1250 


f 


3646 
3698 
37SO 


ff ■ 


6146 

619S 
6350 


3- 


S646 
8698 

87SO 


■« 


1303 
1354 
1406 


t 


3803 
3906 


t 


6303 
6354 

6406 


lolj 


8B03 
8854 
8906 


!!• 


1458 
I510 
1562 


:!• 


3958 
4010 
4063 


71 
7 


6458 
65 'o 

6563 


IS I 


8958 
9010 
9063 


=ft 


1615 

1667 
I719 


4H 


41 14 
4167 
4219 


»ft 


6615 

6667 
6719 


If* 
"ft 


911S 
9167 
9319 


'i 


177' 

1823 
"875 


1 


4371 
4333 
4375 


ft 


6771 
6823 
6875 


'^ 


9371 
93»3 

937S 


t 


1927 
1979 
2031 


i 


4437 
4479 
453' 


1 


6927 
6979 
7031 


'.\t 

"ft 


9437 
9479 
9531 


It 


2083 


si 

It 


4583 
463s 
4688 


It 


7083 
7135 
7187 


ill' 


9583 


ii: 


2240 

aagz 

8344 


1 


4740 
4792 
4844 


1J» 


7340 
7392 

7344 


■I » 


9740 
9793 
9844 


.1. 

3 


a395 
9448 

3S0O 


1* 


4896 

4948 
5000 


Si. 

9 


7396 
7448 
7500 


;■'» . 


9896 
W49 
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I06 DECIMAL EQUIVALENTS FOR FRACTIONS OF AN INCH. 

NUMBER OF U. S. GALLONS (aji CUBIC INCHES) CONTAINED 
IN CIRCULAR TANKS. 



II 


■ 




. 




• 


• 


• 


B 


9 


.. 


Dia. 


Gal*. 


Gall. 


Gala. 


Gall. 


Gall. 


Gala. 


Gait. 


Gall. 


Gall. 


Gall. 


la. 

30 






4896 


65.38 


81.60 




114.34 


130 .56 


J46.88 


163.30 


















164. 5f 




3t 








30 


37.11; 


55.16 


83 


7^ 


110.3s 


'37-9= 




193. o( 




(M 


348 




875 -80 


3K 


3I-9S 


bVQl 


■Jl 


qi 


127-9* 


159-95 


191.9. 


323.9; 


2',S 


pa 




t)' 


319.90 


lo 


*.7i 


73-4< 




If 


146. 8f 


183.6c 


330.3! 


357 .ai 


3t)'l 




3W 


4t 


367.30 


■rt 


«.Hf 


■01. Tt 


1^8 


64 


.11. S= 


364.4c 




370. If 




0^ 


47 S 


95 


53B.80 


43 












431-7' 








647 


























9t 




St 




4B 


94-0! 


188. « 


383 


0( 


-,76.01 


470. IC 


564.11 


658.1. 


7^3 




846 


It 


940.20 


V> 




304. « 


306 




40B.OC 


510. oc 




714.0c 


Hib 




q.8 










3,8.0c 










714. OC 


8n.« 






107 1 








146.9c 


293.8c 




7C 




734.50 




1038.3c 


1175 




1332 




1469.00 




l77-7( 


355-4' 


S'1'1 










i343-9< 




be 


11<N 




1777-00 


7a 


311. 51 


4a3.oc 


m 


« 




1057. s< 




14B0. 5( 


i6ga 




1903 


■W 


3HS.OCi 




387.80 


575.60 


B(.3.40 


U51.30 


I43J.OO 


1736.80 


3014.60 


3302.40 


3590.30 


3S78.00 



DECIMAL EQUIVALENTS FOR FRACTIONS OF AN INCH. 


Fmc. 
Hon. 


^^. 


Frac- 


Decimal. 


Ffc 

UOD. 


Duinul. 


lion. 


DeciDul. 


w 


.oi56as 


H 


.265625 


H 


SI5625 


H 


765625 


A 


.03125 


A 


,28125 


U 


5312s 


» 


7812s 


A 


.04687s 


U 


.296875 


it 


546875 


H 


796875 


1^ 


.06is 


ft 


.3125 


ft 


5625 


« 


8125 


ft 


.07812s 


li 


.328125 


U 


57812s 


<l 


828125 


A 


•09375 


H 


.34375 


H 


59375 


II 


8437s 


ft 


.109375 


It 


■359375 


H 


609375 


It 


859375 


\ 


.125 


t 


■375 


< 


625 


i 


875 


ft 


.140625 


H 


■39062s 


tt 


640625 


U 


■90625 


ft 


. 15625 


41 


.40625 


tt 


65625 


H 




« 


.171875 


H 


■421875 


It 


67137s 


It 


921875 


ft 


.1875 


A 


■4375 


« 


687S 


« 


9375 


H 


.203125 


H 


■45312s 


It 


703125 


tt 


953125 


ft 


.21875 


« 


■46875 


H 


7167s 


H 


96S75 


U 


■23437s 


H 


■48437s 


tl 


734375 


II 




i 


.25 


* 


■5 


f 


75 
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TABLE C 


F CIRCULAS CAST-IRON COLUMNS. 
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I08 TABLE OF SQUARE CAST-IRON COLUMNS. 

WEIGHT OF SQUARE CASTIRON COLUMNS IN POUNDS PER 
LINEAL FOOT. 



.1 








ThickDen 


or Mcul in iDchei. 






f 


k 


1 


■ 


li 


H 


'* 


•J 


3 






















13 


18.6 


31. 1 


33 


3 aj.o 


96.4 


27 


3 33.1 






14 




5 


35.8 


38 


7 31-3 


33-4 


35 


I 37-5 








16 


a6 


4 


30.5 


34 


3 37-5 


40.4 


43 


469 


49 


9 50 




18 


30 


3 


35.3 


39 


7 43-8 


47.4 


50 


B 56.3 


60 


3 63 


5 




34 




39.8 


45 


I 50- 


54.5 


58 


6 65.6 


71 


I 75 






38 




44-5 


50 


6 56.3 


6,. 5 


66 


4 75 -o 




87 


5 


34 


43 




49.3 


56 


I 63.5 


68.5 


74 


3 84.4 


93 






36 


4S 


9 


53-9 


61 


5 68.8 


75-6 


82 


93.8 


103 




5 


38 


49 


S 


5S.6 


67 


75 


83.6 


89 


8 103. I 


114 


8 135 




30 


S3 


7 




73 


5 8f.3 


89.6 


97 


7 H2.5 


125 


8 137 


5 


33 


57 


6 


68.0 


77 


9 87.5 


96.7 


los 


5 131-9 


136 


7 ISO 




34 


61 


5 


73.7 


83 


4 93.8 


103.7 


"•3 


3 131-3 


147 


7 163 


5 


36 


65 


4 


77-3 


88 


9 100. 


iro.7 




I 140.6 


158 


6 175 




38 


69 


3 


82.0 


94 


3 106.3 


1.7-8 


la8 


9 150.0 


169 


5 187 


5 


40 


73 




86.7 


99 


a iia.5 


134.8 


136 


7 '59-4 


180 


5 300 




4a 


77 




9' -4 


105 


3 118. 8 


131.8 


'44 


5 168.8 


19J 


4 312 


5 


44 


Si 




96.. 




8 las.o 


138.8 


153 


3 '78-r 




3 225 




46 


84 


9 


100.8 


h6 


3 131. 3 


145.9 


160 


3 187.5 


313 


3 337 


5 


48 


88 


S 


105.5 




7 137-5 


>53-9 


168 


196.9 


324 


3 350 




f^ 


ga 


B 




137 


3 143-8 


159-9 


175 


8 306.3 


335 


3 263 


5 


96 


7 


\hI 


133 


6 150.0 


1670 


183 


6 3ib.6 


246 


I 275 




54 




6 


119.5 


138 


I 156.3 


174.0 


191 


4 325.0 


357 


287 


5 


56 


104 


S 


134.3 


'43 


6 i6a.5 


181. 


199 


2 234.4 


368 


300 




58 




4 


I3B.9 


149 


168.8 


188. 1 


307 


343.8 


378 


9 312 


5 


60 




3 


133.6 


154 


5 '75-0 


195.1 


314 


9 253-2 


289 


8 335 




62 


116 




"38.3 


160 


181.3 






7 3fi3.5 


300 


8 337 


5 


64 






143-0 


165 


4 187.5 


309.3 


230 


5 371.9 


311 


7 350 




66 


134 




147-7 


170 


9 193.8 


216.2 


238 


3 281.3 


322 


7 363 


5 


68 


137 


9 


152-3 


176 




333.3 


246 


I 390.6 


333 


f> 375 




70 


131 


8 


I57-0 


iSi 


8 306.3 


230.3 


253 


9 300.0 


344 


5 387 


5 


73 


"3S 


7 


i6t.7 


187 


3 312.5 


237.3 


261 


7 309-4 


355 


5 400 




74 


139 


6 


166.4 


19a 


8 318.8 


244-3 


269 


5 3'8.8 


366 


4 412 


5 


76 


143 


5 


171.1 


198 


3 335-0 


351.3 


377 


3 338.1 


377 


3 435 




78 


147 




175.8 


303 


7 331-3 


258.4 


285 


a 337-5 


388 


3 437 


5 


So 


151-3 


iSo-S 


307 


3 337.5 


365.4 


293 


346.9 


399 


2 450.0 



" a aod * = either side, an -|- 23 = number. 

Example. What is the weight per lineal foot of a I3" X 16" X '" thick 
colnitiD? 

An). 33+34 = 34 + 36 = 56. Opposite this number, under i-inch thick 
metal, we find 163.5, or weight per lineal foot of a 13" X i6" x 1" thick column. 

Note. — For Bange*, brackets, etc.. calculate the cubical contents of same 
and multiply by .36 ; cast iron averaging 450 pounds per cubic foot. 
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TABLE OF WEIGHT OF FLA T IRON. 
WEIGHT PER FOOT OF FLAT IRON. 

(For welchi per foot of steel add i pet cent.) 
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:^ 
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1.56 
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1.98 
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11 
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i.sa 
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1.6a 

il 

il 

7.19 

I:| 

ID. 16 

il 

,..,6 
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46 
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TABLE OF WEIGHT OF FLA T IRON. 

WEIGHT PER FOOT OF FLAT IROH—Omtimud. 
(For weight per foot of iImI uld i per cent.) 
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.e.sa 
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»:63 
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J 4« 

«-77 
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11 

3047 

J.: JO 


4.3S 

i:S 

i 
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14. s8 
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19,69 

ii 
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9.38 
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^is3 

11 
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3*38 


3-7J 
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i?i 

i"? 

il 

SI 

39.17 
^is^ 

sin 

,6.6, 

38. w 


13 

\s 

ii 

6.64 
7.08 

il 

S.B5 

9.30 

,o.6j 
IsiiS 

ii:i: 

»,36 
ri.s6 

18.33 
30-99 

M.S3 

'i'i 
fX 
T.i'. 

41,50 


5 

J:S 

«.i6 
S.9< 

J* 

loils 
uio6 

|i 

k 

=..56 

il 

i>6.>, 

iS 

30.00 

3».ei 

S:g 

il 

11.19 

r- 


3-96 

6i« 

i 

jliss 
;||3 

..Its 

«J.7i 

3:;j 

ill 
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sis 

?l 

3eij9 

39J8 

11 
II 


i 

i3 
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ill 

.6.6, 

K 
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'i'i 
n 

11 

41.67 

4»,7i 

n 

8.S 

so .00 
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6.j6 

?:« 

j| 
n:!J 

ii:i; 

.7.50 
>t.8a 

II 
S;3 

»-38 

HI 

45.91 
48.13 


4.58 

il 

11.46 

.6.o« 

17..9 

i 

»4io6 

3:S 
3g 
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Ii 
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TABLE OF SQUARES AND CUBES. 
SQUARES AND CUBES, OF NUMBERS FROM 1 TO 440. 



No. 




Cuba. 


No. 


Squaro. 


Cube*. 


I 


I 


I 


56 


3136 


17s 616 




4 


S 


57 


3349 


185 193 


3 


9 


37 


58 


3364 


195 iia 




16 


64 


S9 


K8r 


aos 379 


5 


as 


135 


60 


3600 


316000 


6 


36 


316 


61 


37 31 


336081 


7 


49 


343 


62 


38 44 


338 338 


e 


64 


513 


63 


3969 


350047 


9 


81 


739 


64 


4096 


36a 144 








65 


43 35 


374636 






1331 


66 


4356 


387496 




144 


1738 


67 


4489 


300763 


13 


169 


a 197 


68 


4634 


314 43a 


14 


196 


3744 


69 


4761 


338509 


IS 


3 35 


3 375 


70 


4900 


343000 


i6 


356 


4096 


71 


5041 


357911 


17 


389 


4913 


73 


5184 


373348 


18 


3*4 


5833 


73 


5339 


389017 


19 


361 


6859 


74 


5476 


405334 


30 


400 


Sooo 


75 


5635 


431 87s 




441 


9361 


76 


5776 


438 976 


33 


484 


10648 


'^ 


5939 


456 533 


as 


539 


13 167 


78 


6084 


474 SSa 


a4 


576 


13834 


79 


6341 


493 039 


as 


635 


15635 




6400 


513 000 


a6 


676 


17576 


81 


6581 


S3I 441 


87 


739 


IQ683 


83 


6724 


551 365 


38 


784 


3195a 


83 


6889 


571 787 


39 


841 


34389 


84 


7056 


593704 


30 


900 


37000 


85 


73 35 


614 115 


31 


961 


39791 


86 


7396 


636 05& 


33 


1034 


33768 


87 


75 6g 


658 S03 


33 


.0S9 


3S937 


88 


77 44 


661 473 


34 


II 56 


39304 


89 


79 31 


704969 


35 


13 ss 


4387s 


90 




729000 


36 


1396 


46656 


9' 


8381 


753 571 


37 


1369 


50653 


93 


8464 


778 688 


38 


1444 


5487a 


93 


86 49 


804357 


39 


IS 31 


59319 


94 


8B36 


830 584 


40 


1600 


64000 


95 


9035 


857 375 


41 


16 81 


68931 


96 


93 16 


884 736 




1764 


74088 


97 


9409 


913 673 


43 


1849 


79507 


98 


9604 


941 39a 


44 


1936 


85184 


99 


9801 


970299 


45 


aoss 


91 I3S 








46 


31 16 


97336 




IQ3 0I 


I 030 3or 


47 


23 09 


103 823 ■ 




10404 


t 061 20S 


48 


3304 


no 593 


103 


10609 


I 093 737 


49 


3401 


117649 


104 


I 08 16 


I 124 864 


SO 


as 00 


UJOOO 


105 


I 10 35 


I 157 635 


51 


a6oi 


13a 631 


106 


113 36 


I 191 016 


S3 


3704 


140608 


107 


I 1449 


I 235 043 


53 


3809 


148 B77 


108 


I 1664 


1359 713 


54 


29 16 


157464 


t09 


I1S81 


I 295 039 


55 


3035 


16637s 






I 331 000 



TABLE OF SQUARES AND CUBES. 





SQUARES AND 


:;uBEs-&«/i««rf. 




No. 


5<)Barc«. 


Cuba. 


No. 


Squara. 


CnbM. 


in 


1*3 31 


I 367 631 


166 


27556 


4 574 296 




12544 


I 404 938 


167 


8 78 89 


4657463 


113 


1 3769 


I 44a S97 


168 


38224 


4 741 53a 


114 


I 2996 


I 481 544 


169 


28561 


4 8a6 809 


lis 


13a 25 


I 520 875 


170 


38900 


4913000 


116 


"3456 


1560896 


171 


39241 


5 000 211 


117 


13689 


I 601 613 


173 


39584 


5088448 


118 


"39^4 


1643032 


"73 


29939 


5 177 717 


119 


t 41 61 


I 68s .59 


"74 


30376 


5 368 034 




14400 


17*8000 


175 


30635 


5 359 375 




I 4641 


1 771 561 


176 


30976 


5 451 776 




14884 


I 815 848 


"77 


3 13 a9 


S 545 333 


123 


■5129 


I 860 867 


178 


31684 


5 639 7Sa 


114 


I 5376 


I 906624 


"79 


3204" 


5 735 339 


125 


I 5625 


I 953 "25 


180 


33400 


5833000 


136 


15876 


2000376 


181 


33751 


S 939 74" 


IJ7 


161 29 


a 048 383 


183 


33124 


6 028 568 


I3B 


16384 


3097153 


183 


334B9 


6 138 487 


129 


I 66 41 


3146689 


184 


33856 


6229504 


130 


i6goo 


3 197000 


18s 


34225 


6 331 6as 


13t 


I 7" 61 


3 248 091 


186 


34596 


6 434 B56 


138 


1 7424 


3299968 


1 87 


34969 


6 539 303 


133 


17689 


3 353 637 


18S 


3 53 44 


6 644 672 


"34 


17956 


3406104 


189 


3 57 21 


6 751 369 




18235 


3 460 375 


190 


36100 


6859000 




18496 


2515456 


191 


36481 


6 967 871 


137 


18769 


3 571 353 


igs 


36864 


7 077 888 


138 


19044 


3 6a8 073 


193 


37249 


7189057 


"39 


193!" 


3 6S5 619 


'94 


37636 


7 301 384 


140 


.9600 


3744000 


"95 


38025 


7414875 


"41 


I 98 81 


3 803 aai 


196 


38416 


7 529 536 


142 


30164 


3 863 388 


'^1 


38809 


7 645 373 


"43 


20449 


3 934 ao7 


198 


39304 


7762392 


144 


20736 


3 985 984 


"99 


39601 


7880599 


'45 




3 043 625 






8000000 
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3 13 16 


3 112 136 




40401 


8 I30 601 


i»7 


3 16 09 


3 "76 533 




40804 


8243408 


. 148 


a 1904 


3 241 792 


203 


41209 


8 36s 437 
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3307949 
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4 16 16 


8489664 


"50 


22500 


3375000 


ao5 
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I Si 


a 3" 04 
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"S3 


33409 


3 581 577 
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8 998 gi3 
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4368. 


9 "29 329 
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34025 


3 723 875 




44100 


9 261 000 


"56 


34336 


3 796 416 




44531 


9 393 93" 


"57 


34649 


3 869 893 




4 49 44 


9 528 128 


"58 


34964 


3 944 312 


313 


45369 


9 663 597 


"59 


3 53 8. 


4 019 679 


ai4 


45796 


9 800 344 


"60 


35600 


4096000 


215 


46225 


9 938 375 


161 


3 59 2" 


41732S1 


3l6 


46656 


10 077 646 


I6a 


363 44 


4 251 sa8 


217 


47089 


10 218 313 


163 


a6s69 


4 330 747 


3lS 


47534 


10 360 23a 


164 


368 96 


4410944 


219 


4796" 


"O 503 459 


_.i55_ 


37225 


4 492 125 


320 , 


48400 


10 648 oor> 
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TABLE OF SQUARES AffD CUBES. 





SQUARES AND 


cubes- 


-Centinutd. 




No. 


Sqouc. 


Cubcu. 


No. 


Square.. 


Cubes. 


Zll 


4 SB 41 


10 793 861 


276 


76176 


31 oa4 576 




49384 


10 941 048 


277 


76729 


31 253 933 


323 


49739 


11 089 567 


373 


7 73 84 


21 484 95s 


434 


50176 


II 239424 


379 


7784' 


31 717639 


S35 


50625 


11390635 


280 


78400 


31 953 000 


236 


51076 


II 543 176 


281 


78961 


23 188 041 


127 


51529 


II 697 083 


283 


79524 


33 435 768 


228 


5 19S4 


11853352 


283 


80089 


33 665 187 


329 


5 2441 


13 008 989 


384 


80656 


22906304 


330 


53900 


13 .67 000 


28s 


8122s 


23 149 125 


331 


53361 


13 326 391 


386 


81796 


23 393 656 


33a 


53824 


13487 168 


387 


83369 


23 639 903 


233 


54289 


13 649 337 


388 


82944 


33 887 873 


334 


54756 


13 8IS 904 


389 


83521 




235 


5 52*5 


13 977 875 


390 


84100 


24 389 000 


336 


S 5696 


13 144 256 


391 


84681 


24 642 171 


337 


56169 


13 3« 053 


39s 


85364 


34 897 088 


338 


56644 


134B1 273 


293 


85849 


35 153 757 


339 


571 ai 


13 651 919 


294 


86436 


25 413 184 




57600 


13 824 000 


295 


87025 


25 673 375 


341 


5 So 81 


13 997 521 


396 


87616 


25 934 336 


242 


58564 


14 173 488 


297 


88209 


26 198 073 


343 


59049 


14 348 907 


398 


8 88 04 


26 463 59a 


344 


59536 


14 536 784 


399 


89401 


36 730 899 


345 


60025 


14 706 125 


300 


90000 


37000000 


346 


605 16 


14 886 936 


301 


90601 


37 370 901 


347 


6 1009 


15 069 223 


302 


91204 


27 543 608 


24B 


61504 


15 253 992 


303 


9 1809 


27 8l3 127 


349 




15 438 249 


304 


924 16 


28 094 464 


350 


62500 


IS 635 000 


305 


93035 


38 373 625 


351 


63001 


15 813 351 


306 


93636 


28 653 616 


353 


63504 


16 003 008 


307 


94349 


33 934 443 


353 




16 194 377 


308 


94864 


29218 112 


aS4 


6«^ 


16 387 064 


309 


95481 


39 503 639 


255 


65025 


16 581 375 


310 


96100 


29 791 000 


1S6 


65536 


16 777 216 


3" 


96731 


30080331 


357 


66049 


16 974 593 


313 


9 73 44 


30 371 323 


3|8 


66564 


17 173 S13 


313 


97969 


30 664 397 


359 


67081 


17 373 979 


314 


98596 


30 959 144 


366 


67600 


17576000 


3"5 


99325 


31 355 875 


261 


6 81 21 


17 779 581 


3.6 


99856 


31 554 496 


363 


68644 


17 984 738 


317 


100489 


31 855013 


263 


69169 


18 191 447 


318 




32 157 433 


364 


69696 


18 399 744 


319 




33 461 759 


36S 


7 OS 25 


18609625 


330 


103400 


32 768 000 


366 


70656 


18 821 096 


321 


10 30 41 


33 076 161 


167 


71389 


19 034 163 


333 


103684 


33 386 348 


368 


71824 


19348833 


323 


10 43 39 


33 698 267 


369 


73361 


19 465 109 


324 


10 49 76 


34012224 


370 


72900 




335 


10 56 25 


34 338 135 


37' 


7 34 4' 


199025" 


326 


10 62 76 


34 645 976 


373 


73984 


20 .33 643 


327 


106939 


34 96S 783 


273 


74529 


20 346 417 


328 


10 75 84 


35 387 552 


374 


75076 


20 570 824 


339 


10 83 41 


35 61 r a8g 


375 


75635 


20 796 875 


330 


108900 


35937000 



MBiGooi^le 



TABLE OF SQUARES AND CUBES. 





SQUARES AND 


CUBES-G«/««<rf. 




No. 


Sqwo. 


Cut™. 


N.. 


Squ««. 


Ciibw- 


33" 


logs <>' 


36 364 69" 


386 


14 8g 96 


S7 513456 


332 


n 02 34 


36 5M 368 


387 


149769 


57960603 


333 


lloSSg 


36 936 037 


388 


150544 


5! tl" V^ 


334 


n .5 56 


37 350 704 


389 


IS 1321 


58 S63 86q 


335 




37 595 375 


390 


152100 


59 319 000 


336 


11 3Sg6 


37 933 056 


39" 


15 28 81 


59 776 471 


337 


u 35 69 


38 »73 753 


39a 


153664 


6a 236 38S 


338 


II 43 44 


38 614 473 


393 


IS 44 49 


60 698 457 


339 




38 958 219 


394 


15 52 36 


61 i6a 9S4 


340 




39304000 


395 


156035 


61 639 87s 


341 


II 6a 81 


39 651 831 


396 


15 68 16 


63 099 136 


343 


U5964 


40001688 


397 


157609 


62 570 773 


343 


II 7649 


40 353 607 


398 


158404 


63 044 793 


344 


II 83 36 


40 707 584 


399 


J|9ioi 


63 531 199 


345 


II 9025 


41 063 635 


400 


leS^ 


64000000 


346 


11^.6 


41 431 736 


401 




64 48. 201 


347 


130409 


41 781 933 


403 


16 16 04 


64964 608 


348 


13 1104 


43 144 iga 


403 


i6a4 09 


6s 4SO 827 


349 




43 508 549 


404 


16 3a 16 


65 g39 364 


350 


13 3500 


43 87s 000 


405 


16 40 as 


66430125 


351 


13 3a 01 


43 243 551 


406 


16 48 36 


66 g33 4 "6 


35a 


133904 


43 614 208 


407 


16 56 4g 


67 419 143 


353 


I34&OQ 


43 986 977 


408 


166464 


67 917 3"3 


354 


13 53 16 


44 361 664 


409 


16 72 81 


68 417 939 


355 


136035 


44 738 87s 


410 


16 81 00 


68 931 000 


lU 


13 67 36 


45 118 016 


411 


16 89 ai 


69 426 531 


357 


13 74 49 


45 499 293 


41a 


169744 


69 934 528 


358 


138.64 


45 882 713 


413 


170569 


70444997 


359 


i3S8 8i 


46 36S 379 


414 


17 1396 


70957944 


360 


139600 


46656000 


415 


17 32 as 


7" 473 375 


361. 


13 03 Ji 


47 04s 881 


4.6 


17 30 s6 


71 991 296 


363 


13 1044 


47 437 92S 


4"7 


17 38 89 


72S"I7"3 


363 


13 '769 


47 833 147 


418 


17 47 24 


73 03* 633 


364 


133496 


48 238 544 


4"9 


175561 


735600S9 


365 


133335 


48 627 125 


430 


176400 


74088000 


366 


13 39 56 


4g 037 896 


4»i 


17 73 41 


74 618 461 


367 


13 46 89 


49 430 863 


433 


1780S4 


75 151 448 


368 


135424 


4g B36 033 


423 


178939 


75 686 g67 


369 


13 61 61 


50 243 409 


424 


"7 97 76 


76 225 024 


370 


136900 


50 653 000 


425 


1806 25 


76 765 6S5 


371 


137641 


SI 064 811 


426 


18 14 76 


77 308 776 


37a 


138384 


51 473 848 


427 


18 33 29 


77 854 483 


373 


13 9' 29 


51 895 117 


428 


18 31 84 


78 402 753 


374 


13 98 76 


52 313 614 


429 


184041 


78 953 589 


375 


14062s 


53 734 375 


430 


184900 


79 507 000 


376 


14 13 7& 


53 >57 376 


43' 


185761 


80062991 


377 


14 21 39 


53 582 633 


432 


iB 66 24 


Bo 621 stB 


3?8 


14 28 B^ 


54 010 152 


433 


18 74 89 


81 18a 737 


379 


14 36 41 


54 439 939 


434 


18 83 56 


Bi 746 504 


380 


144400 


54 873 000 


435 


JS9^35 


82 312 875 


381 


14 51 61 


55 306 341 


436 




8a 8B I 856 


383 


14 59^ 


55 743 968 


437 


190969 


83 453 453 


383 


146689 


56 iSl SS7 


438 


19.844 


84 037 67a 


384 


14 74 S6 


56 633 104 


439 


19 27 31 


84 604 519 


. 385 


14 83 35 


56 066 635 


440 


193600 


85 .84 000 
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TABLE OP CIRCLES. 11$ 

THE CIRCUMFERENCE AND AREAS OF CIRCLES FROM 1 TO SO. 



^^. 


Ciimiiir. 


a™ 


r>^ 


Cireumt. 


Area. 


Diam. 


Citcumf. AroL 


I^ 


.049087 


.00019 


%. 1-16 


6.47953 


3 -3410 


>. 3-i6 


16.2970 2. .135 


r-3a 


.098175 


.00077 


.-8 


6,67588 


3.5466 


1-4 


16.4934 


21.64B 


3-64 


. 147262 


.00173 


3-16 


6.87223 


3-7583 


5-6 


l6.68g7 


22.166 


I-I6 


.196350 


.00307 


1-4 


7.0685B 


3.9761 


3-3 


16.8861 


22.691 


3-32 


■294524 




5-l6 


7.86493 




7-16 


.7.0B24 


23,22. 




.392699 


.01227 


3-8 


7.46128 


4.4301 




17-2768 


23,758 


5-3* 


.490874 


.0.917 


7-16 


7-65763 


4-6664 


9-16 


17.4751 


24-30. 


3-16 


.589049 


.0276. 




7-85398 


4.9087 


S-8 


17.6715 


24.850 


7-32 


.687213 


.03758 


9-l6 


8.05033 


5.1572 


11-16 


17.9678 


25.406 


r-4 


.785398 


.04909 


5-8 


8.24668 


S-4119 


3-4 


18.0642 


25.967 


9-31 


■883573 


.062:3 


.1-16 


8.44303 


5.6727 


13-16 


18.2605 


26-535 


i^lS 


.98.748 


.07670 


3-4 


8.63938 


5.9396 


7-8 


18.4569 


27.109 


1 1-3! 


1.07992 


-09281 


13-6 


8.83573 


6.21-26 


.5.6 


18 6532 


27,688 


3-8 


r..73.o 


.11045 


7-8 


9.03208 


6.4918 


8. 


18.8496 


28.274 


13-32 


1.27627 


.12962 


15-16 


9.22843 


6.7771 


1-8 


lg.2423 


29.465 


7-16 


1-37445 


-15033 


8. 


9.42478 


7.0686 


.-4 


19.6350 


30.680 


15-31 


1.47262 


■17257 






7.3662 


3-8 


20. 0277 


31-919 




1.57080 


-1963s 


1-8 


9.81748 


7.66W 




20.4204 


33-183 


i7-3a 


1.66897 


.22166 


3-.6 


0.0133 


7.9798 


x% 


20,8131 


34.472 


9-16 


I. 76715 


.24850 


.-4 




8.295B 


3-4 


2.. 2058 


35-785 


19.33 


..86532 


.27688 


5-16 


0.406s 


8.6.79 


7-8 


21.5984 


37-122 


5-8 


1.96350 


.30680 


3-8 


0.6029 


8.9462 


T. 


21,9911 


38.485 


3i-3a 


2.06167 


.33824 


7.16 


0.7992 


g.2806 


.-8 


22.3838 


39.871 


11-16 


2.15984 


.37122 




.0.9956 


9.62II 




22.7765 


41,282 


33-32 


2.25802 


■40574 


9-16 


.1.1919 


9.967a 


3-8 


23.1692 


42.718 


3-4 


2.35619 


.44.79 


5-8 


I.. 3883 


10.321 




23.5619 


44.179 


35-32 


2.45437 


■47937 


.1-16 


I.. 5846 


10.680 


5-8 


23.9546 


45-664 


13-.6 


2 ■ 55254 


■51849 


3-4 


...7810 


11-045 


3-4 


24.3473 


47-173 


2732 


2.65072 


■55914 


13-.6 


11-9773 


.1.416 


7-8 


24.7400 


48.707 


7-3 


2.74889 


.60.32 


7-8 


.2-1737 


11.793 


B. 


25.1327 


50.265 


29-32 


2.84707 


-64504 


.5-16 


12.3700 


12.177 


.-8 


25.5254 


5i^849 


15-16 


2.94524 




*■ 


.2.5664 


12.566 


.-4 


25.918 


53.456 


31-32 


304342 




t-i6 


12.7627 


12.962 


3-8 


26,3108 


55.088 


1. 


3 ■14^59 


.78540 


i-B 


.2.9591 


13-364 




26.7035 


56.745 


1-16 


3.33794 


.88664 


3-16 


13.1554 


13.772 


5-8 


27,0962 


58.426 


i-g 


3.53429 


.99402 


1-4 


13-3518 


14.186 


3-4 


27-488q 


60,132 


3- 16 


3.73064 


1-1075 


5-16 


13-5481 


14.607 


7-8 


27,8816 


61.362 


1-4 


3.92699 


..2272 


3-8 


13^7445 


15.033 


a. 


28.2743 


63.617 


5- 16 


4-12334 


..3530 


7-16 


13 ■9408 


IS -466 


1-8 


28.6670 


65.397 


3-8 


4^3iq69 


1-4849 


1-2 


14.1372 


15.904 


1-4 


29.059 


67.20. 


7-ie 


4.5.604 


..6230 


9-16 


14-3335 


16.349 


3-8 


29-452.1 


69.029 




4.71239 


1.7671 


5-8 


.4.5299 


i6.8oo 




29.345 




9-' 


4.90874 


1.9.75 


11-16 




17-257 


5-8 


30.2378 


72,760 


5-8 


S-ioSog 


2.0739 


3-4 


14.9226 


17.72. 


3-4 


30,630 


74.66a 


ii-I 


5-30144 


2.2365 


.3-16 


15.1.89 


18.190 


7.8 


31,023 


76,589 


3-4 


5-49779 


2.4053 


7-8 


15-3153 


18.665 


10. 


31-4155 


78.540 


13-1 


5-69414 


2.5802 


15-.6 


15.5116 


19-147 


1-8 


3>.8o8e 


80.516 


7-8 


5.89045 


2.7612 


6. 


.5.7080 


'9-635 


1-4 


32,2013 


82,5.6 


IS-I 


6.0S684 


2.9483 


r-i6 


15-9043 


20.129 


3-8 


.32.594c 


84.541 


s. 


6.2831^ 


3.1416 


1-8 


16.1007 


20.629 




32.986 


86.590 



D.qil.zMBlG001^le 



U6 TABLE OF CIRCLES. 

CIRCUMFERENCE AND AREAS OF CIRCLES— CnMi'xiwi/. 



Diam. 


CireumJ. 


A«.. 


Dian. 


Circomf. 


a™. 


Diau. 


Circumf. 


a™. 




33-3794 


17. 1-4 


S4-I925 


233-71 


88.7-8 


75-0055 




10. 5-8 


SS.664 


447 69 


3-4 


33-77ai 


90.763 


3-8 


54.5852 


237- 'O 


84. 


75-3982 


452 


39 


7-8 


34- 1648 


92.886 




54.9779 


240-53 


1-8 


75.7909 


457 




11. 


34-5575 


95-033 


5-8 


55.3706 


243-98 


1-4 


76. 1836 


461 


86 


i-S 


34-950! 


97-205 


3-4 


SS.7633 


247-45 


3-B 


76.5763 


466 


64 




35-3439 


99,402 


7-8 


56.1560 


250-95 




76.9690 


471 


44 


3-8 


35-7356 




18. 


56-5487 


254.47 


5-8 


77-3617 


476 


26 




36.1283 


103.87 


1-8 


56.9414 


258.02 


3-4 


77.7544 


481 




5-8 


36.5210 


106,14 


1-4 


57-3341 


261.59 


7-8 


78.1471 


485 


98 


3-4 


36-9137 


IOS.43 


3-8 


57-7268 


265.18 


86. 


78.5398 


490 


87 


7-8 


373064 


110.75 




58-1195 


268.80 


i-S 


78.9325 


495 


79 


IS. 


37.699 


113.10 


5-8 


58-5122 


272.45 


t-4 


79.3«52 


500 


74 


1-8 


38.0918 


115.47 


3-4 


58.9049 


276. IS 


3-8 


79-7179 


S05 


71 


1-4 


38.4845 


117.86 


7-8 


59-2976 


279-81 




86.1106 


S'O 


71 


3-8 


38.8772 


120.28 


18. 


59-6903 


283.53 


5-8 


80.5033 


51S 


7» 




39-2699 


122-72 


1-8 


60-0830 


287.27 


3-4 


80.8960 


520 


77 


5-8 


39.6626 


125-19 


1-4 


60.4757 


291.04 


7-8 


81.2887 


53S 


84 


3-4 


40.0553 


127.68 


3-8 


60.8684 


294.83 


86. 


81.6814 


53" 


93 


7-8 


40-4480 


130.19 




61.2611 


293.65 


l-B 


82.0741 


536 


05 


18. 


40.8407 


132-73 


5-8 


61.6538 


302.49 


1-4 


62.4668 


541 


19 


1-8 


41-2334 


135-30 


3-4 


63.0465 


306.35 


3-8 


82.8595 


S46 


35 


1-4 


41.6261 


137-89 


7-8 


62.4392 


310.24 




63.2522 


551 


55 


3-8 


43. 01 SB 


140.50 


BO. 


63-8319 


314-16 


5-8 


83.6449 


556 


76 




42.4115 


143-14 


1-8 


63.2146 


318.10 


3-4 


84.0376 


562 




5-8 




145.80 


1-4 


63-6173 


322.06 


7-8 


84.4303 


567 


27 


3"i 




148.49 


3-8 


64.0.00 


336.05 


87. 


84.8330 


572 


S6 


,. ''■^ 


43 5896 


.51,20 




64.4026 


330.06 


I-S 


85.2157 


577 


87 


U. 


43-9823 


'53-94 


5-8 


64-7953 


334-10 


1-4 


S5.6084 


583 




1-8 


44-3750 


156,70 


3-4 


65.1880 


338.16 


3-8 


86.0011 


588 


57 




44.7677 


159-48 


7-8 


65.5807 


343-25 




86.3938 


593 


96 


3-8 


45.1604 


162.30 


»1. 


65-9734 


346.36 


S-8 


86.7865 


599 


37 




45-553' 


165-13 


1-8 


66.3661 


350.50 


3-4 


87.1792 


604 


81 


5-8 


45-9458 


167.99 


1-4 


fi6.75B8 


354-66 


7-8 


87.5719 


610 


27 


3-4 


46.3385 


170.87 


3-3 


67.1515 


358.84 


88. 


87.9646 


615 


75 


7-8 


46.7312 


173-78 




67.5442 


363-05 


1-8 


88.3573 


621 


26 


U. 


47-1239 


176.71 


S-8 


67-9369 


367.28 


1.4 


88.7500 


626 


So- 


t-S 


47.5166 


179-67 


3-4 


68.3296 


371-54 


3-8 


89.1427 


632 


36 


1-4 


47-9093 


182.65 


7-8 


68.7223 


375.83 




89.5354 


637 


94 


3-8 


48-3010 


185,66 


2B. 


69.1150 


380-13 


5-8 


89.9261 


643 


S5 


1-2 


48.6947 


18B.69 


1-8 


69.5077 


384-46 


3-4 


90.3208 


649 


iS 


5-8 


49.0874 


191.75 


1-4 


69.9004 


388. 82 


7-8 


90-7135 


654 


84 


3-f 


49-4801 


194.83 


3-8 


70.2931 


393-20 


89. 


91 . 1062 


660 


52 


7-8 


49-8728 


'97-93 




70.685B 


397 -61 


r.8 


91.4989 


666 


23 


le. 


50-2655 


101.06 


5-8 


71-0785 


402.04 


1-4 


91-8916 


671 


96 


1-8 


50.6582 




3-4 


71-4712 


406.49 


3-8 


92.2843 


677 


7" 


1-4 


51.0509 


207.39 


.„ ^-^ 


71-8639 


410.97 




92.6770 


683 


49 


3-8 


51.4436 


2IO-60 


28. 


72.2566 


415-48 


5-8 


93.0697 


689 


3» 




51-8363 


213. S3 


1-8 


72.6493 


420.00 


3-4 


93-4624 


695 


13 


5-8 


53.2290 


217.08 


1-4 


73.04Z0 


424-56 


7-8 


93-8551 


700 


98 


^'i 


52.6217 


220.35 


3-8 


73-4347 


429.13 


SO. 


94.2478 


706 


S6 


,- 7-^ 


53-0144 


223.65 




73.8274 


433-74 


1-8 


94-6405 


712 


76 


17. 


53-4071 


226. 9S 


S-8 


74-2201 


438.36 


1-4 


95-0333 


718 


69 


1-8 


53-7998 


230.33 


3-4 74-6128 


443.01 


3-8 95-4259 


724 


64 



D.qil.zMBlG001^le 



TABLE OF CIRCLES. \\J 

CIRCUMFERENCE AND AREAS OF CIRCLES— G»(A'i»w</. 



r^ 


Ciicumf. 


a™. 


^^ 


Circnmf. 


Aim. 


DiuD. 


CircDiot 


An>. 


». r-3 


95.S186 


730-62 


87. 


116.239 


1075. a 


18. r.3 


136.659 


1486.3 


5-8 


^ 


2II3 


736.6a 


f-8 


116 


633 


loSs 


5 


5-8 


137 


053 


'494 


7 


3-4 


96 


60,0 


742.64 


1-4 


117 




1089 


8 


3-1 


137 


445 


1503 


3 


7-8 


96 


9967 


748.69 


3-8 


"7 


417 


1097 




7-8 


'37 


837 


1511 


9 


31. 


97 


3894 


754-77 




117 


810 


1104 


5 


M. 


138 


230 


1520 


5 


1-8 


97 
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THE GOETZ 

Box Anchor 

AND 

Post- Cap. 



Rti- 



Z 



m:: 



Certainly the most admira- 
ble system now known 

for SloW-BuminK ■ Pom« »« fanenHl to cap fomiog 

poit from csUar to roof. Filliag 
Construction. meir-rcleailne. 



Id the Nen Schedule for ratiag t'ltka, adopted by the National Board of 
Underwriters, Hovember, iSga, 
a reduction in rate is made on 
all buildings that make use of 
the Goetz methods. 



^ 



A dOTAall box of CBSt-iroD 
a Klf-relcising anchor. 



(, formine by which the b 



SEN^JTP HOMK OKKICK, 

No. TO STATE STREET, NEW ALBANY, tNO., 

for details and catalogue in which this self-releasing method of anchoring is 
applied to various conditions. 
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SKELETON CONSTRUCTION 

AS APPLIED IN 

BUILDINGS. 

By WM. H. BIRKMIRE. 

FuUp IttuatraUd u>Uh Engravings from Fraetic€U Example* 
of High BuUdinga. 



This work includes the description and practical workings 
details of Cast Iron, Wrought Iron, and Steel Columns in the 
construction of the skeleton frame, and their connections with 
the Floor and Curtain Wall Girders; Stability of the Structure; 
Wind Bracing, i.e., Knee and Lateral Bracing; Construction of 
Joints; Experiments on the Strength of Cast Iron, Wrought Iron, 
and Steel Columns, such as Z Bar Columns, Phoenix Columns, 
Plate and Angle Columns, and various commercial rolled shape 
columns ; Floor Framing in the Skeleton Construction, 

New York Building Law of 189a in relation to the Skeleton 
Frame and Curtain Walls. The same law in relation to the 
strength of Cast Iron, Wrought Iron, and Steel Columns. 

Illustration and Calculation of the Columns, Floor Plans, 
Tahles of Material, Specification, Stairways, Elevators, and 
Roofs in buildings using Cast Iron, Wrought Iron, and Steel 
Columns as a skeleton frame, such as "The New Netherlands," 
a seventeen-story building with nineteen tiers of beams; the 
Home Life Insurance Building, and others. 

To be published in February or March. 

FOR SALE BY 

JOHN WILEY & SONS, 

53 East Tenth Street, New York. 
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Architectural Iron and Steel, 

AND ITS APPLICATION 
CONSTRUCTION OF BUILDINGS. 

■HCLUnniO BBAMS AHD GIUIKSS IH FLOOR CONSTRUCTrOH, KOLUO HOH mim, < H O )W T 

luaii CAST-iaoH coluhhs, firi-phoof coLuion, cqluiih conhkctiohs, cA>r-noM l(n> 
vsis, toor -nusan, itaiiwavi, SLKvAioit HHCuMiniis. owAKurrAL iboh, 

TLOOa UGKTS AND SKVLIOHTI, VAULT. LIGHTS, DOOUt AHD SHUTmi, 

SPECIFICATION OF IRONWORK. 

4IfD SELECTED PAPERS Ilf RELA TlOlf TO IRONWORK. PROU A REVISIOl* 

OP THE PRESENT LAW BEFORE THE LEGISLATURE AFPECTING 

PUBLIC rUTERSSTS IN THE CITY OF NSW YORK, IN SO FAR 

AS THE SAME REGULATES THE CONSTRUCTION OP 

BUILDINGS IN SAID CITY. 

TABLES, 
SELECTED EXPRESSLY FOR THIS WORK, 

WUGHTS OF CiBCHLAI AHD SQUAI* CAlT-IltON COLUHKS, WKiaim OT 



WM. H. BIRKMIRE, 
fulls f tlu£ttated. 

8VO. CLOTH, VSJUI. 

NEW YORK: 

JOHN WILEY & SONS, 

58 East Tenth Street. 
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